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IEEE 802.16m Amendment Text Proposal for Sounding Antenna Selection
Wookbong Lee, Jinyoung Chun, and Bin-Chul Ihm
LG Electronics
1. Introduction
In current AWD [1], Sounding command IE for multiple uplink transmit antennas are defined. However, there is some issues related to multiple uplink transmit antenna sounding. 
First of all, it is not clear that where to transmit each transmit antennas’ sounding channel. Currently only one unique offset for FDM or one unique cyclic shift for CDM is indicated. However, if there are multiple antennas at MS, we need to indicate multiple sounding channels. So, we propose to assign N contiguous sounding channel index starting from the offset or cyclic shift value, when the number of transmit antennas for sounding of the MS is N. 
Second of all, currently MS shall transmit same number of sounding channel as the actual transmit antenna at MS. However, due to the antenna power imbalance, sometimes it is better to turn off some of transmit antennas to reduce uplink power consumption. 

Antenna power imbalance is caused by e.g. user hand-gripping or direction of polarized antenna and so on.

So, the power imbalance pattern among the transmit antennas does not change very shortly but slowly.

The following figure shows the impact of antenna power imbalance. 
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As you can see in the figure, when antenna power imbalance is higher than a certain threshold, single antenna transmission is better than two antenna transmission (SFBC). 

So, we propose to adopt antenna selection in uplink transmission. Since uplink sounding is required for determine uplink MCS level or precoder, we further propose to use uplink sounding commend IE to indicate which antenna/antenna group to be selected for transmitting sounding signal or data.

To enable BS to get the other transmit antenna’s channel response, BS may allocate another sounding channel with longer period. 

2. Reference
[1] 80216m-09/0010r2, “IEEE 802.16m Amendment Working Document”
Remedy #1. Line 50, page 228 to line 47, page 229. Modify SOUNDING Command A-MAP IE as follows;

-------------------------------  Text Start  --------------------------------------------------- 
15.3.6.5.2.11 UL Sounding Command A-MAP IE
Table 684—UL Sounding Command A-MAP IE
	Syntax
	Size (bits)
	Notes

	UL Sounding Command IE format () {
	
	

	A-MAP IE Type
	4
	

	Sounding subframe
	3
	Indicates the sounding subframe [TBD]

	Sounding subband bitmap
	Variable

[max. 12]
	[TBD] FFT size dependant TBD 

	If (Multiplexing type == 0) {
	
	

	Decimation offset d
	[4] or [5]
	Unique decimation offset

	} else {
	
	

	Cyclic time shift n
	[4] or [5]
	Unique cyclic shift [TBD]

	}
	
	

	Periodicity (p)
	3
	0b000 = Single command, not periodic, or terminate the periodicy. Otherwise, repeat sounding once per 2(np-1) frames, where np s decimal value of the periodicity field

	Multi-antenna sounding
	1
	0b0: sounding with antenna switching

0b1: sounding from multiple antennas

	Multi-Antenna Index (MAI)
	2
	0b00: reserved
0b01: transmitting sounding waveform for 1st group of antenna

0b10: transmitting sounding waveform for 0th group of antenna

0b11: transmitting sounding waveform for all of transmit antennas

	Antenna Switching
	1
	0b0: Antenna switching

AMS transmits sounding signals via sounding channels indicated by d or n.
0b1: No antenna switching

AMS transmits sounding signals via sounding channels indicated by d or n to (d or n)+number of sounding antenna (NSA)-1.

	Padding
	[TBD]
	Padding to reach byte boundary

	MCRC
	16
	16 bit CRC masked by Station ID

	}
	
	


d: Sounding channel index indicates unique decimation offset 
n: Sounding channel index indicates unique cyclic time shift. 
Table 684 specifies the fields of UL Sounding Command A-MAP IE used by the ABS to request sounding transmission by the AMS. Decimal equivalent of the sounding subframe indicates the uplink subframe with sounding symbol. The sounding subband bitmap field is used to indicate the sounding subbands used in the sounding allocation. For that purpose, the Nused contiguous subcarriers are further subdivided into sounding subbands, where each sounding subband compromises N1 * Nsc adjacent subcarriers with Nsc = 18 for NFFT = 512, 1024 and Nsc = 36 for NFFT = 2048. For multiplexing type equal to 0 the first subcarrier index (actual decimation offset) of ikth transmit antenna within sounding allocation is determined from g = F(d, k, Frame Index) g = d + i - 1, where function F() is TBD. The three periodicy bits are used to indicate the MS to periodically repeat the sounding transmission. Setting periodicy bits to 0b000 indicates a single sounding command or terminates the sounding if periodic sounding command is being performed.
Multi-Antenna Index (MAI) indicates which antenna(s)/group of antenna(s) to be selected for sounding. If the number of transmit antennas, Nt, is one, then MAI field shall be ignored, and the MS transmits sounding signals via sounding channel indicated by d or n. If the number of transmit antennas, Nt, is two, then MAI field indicates which transmit antennas to transmit sounding channel and the number of antennas in group (NAG) equals to 1. In this case, if i-th MSB bit of this field is ‘1’, then the MS transmits sounding signals of i-th transmit antennas, and if i-th MSB bit of this field is ‘0’, then the MS does not transmit sounding singals of i-th transmit antennas. If the number of transmit antennas, Nt, is four, then MAI field indicates which transmit antenna groups to transmit sounding channel and the number of antennas in group (NAG) equals to 2. In this case, if i-th MSB bit of this field is ‘1’, then the MS transmits sounding signals of i-th group of transmit antennas which are NAG·i and NAG·i +1, and if i-th MSB bit of this field is ‘0’, then the MS does not transmit sounding singals of i-th group of transmit antennas. 
For multi-antenna Antenna Switching flag equals to 0 the MS sounds with antenna switching, while for multi-antenna Antenna Switching flag equals to 1 the MS sounds all transmit antennas. If Antenna Switching field equals to 1 then the ith antenna of the MS corresponds to index = d + i - 1 for multiplexing type 0 or to n + i - 1 for multiplexing type 1. 
-------------------------------  Text End  ---------------------------------------------------
Remedy #2. Line 6-23, page 294. Modify texts as follows;

-------------------------------  Text Start  --------------------------------------------------- 
15.3.9.2.3.2 Multiplexing for multi-antenna and multi-AMS 
The uplink sounding channels of multiple AMS and multiple antennas per AMS can be multiplexed through decimation separation or cyclic shift separation in each sounding allocation. Also, in case of multiple UL subframes for sounding, time division separation can be applied by assigning different AMS to different UL subframe. For cyclic shift separation each AMS occupies all subcarriers within sounding allocation and uses the different sounding waveform. For frequency decimation separation each AMS uses decimated subcarrier subset from the sounding allocation set with different frequency offset. 
For antenna switching capable AMS and multi-antenna AMS, ABS can command the AMS to switch the physical transmit antenna(s) for sounding transmission. For sounding with antenna switching, the AMS shall transmit sounding symbol with the i-th antenna (0, 1, …, NSANt-1) on frames nt = j • 2(p-1)T + i, where nt = 0 corresponds to the frame where UL sounding command A-MAP IE is received, Tp is periodicity in UL sounding command A-MAP IE, and j is a running index ( j = 0, 1, 2, … for Tp ≠ 0 and j = 0 for Tp = 0) where NSA (number of sounding antenna) equals to number of antennas in group (NAG) multiplied by number of ‘1’s in MAI transmitted in sounding command IE.. For sounding with antenna switching and periodical sounding allocation (Tp ≠ 0), the assigned periodicity T2(p-1) shall be larger or equal to the number of sounding AMS transmit antennas NSANt. 
-------------------------------  Text End  ---------------------------------------------------
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