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1. Motivation
Collaborative spatial multiplexing (CSM) is a method defined in the 16e standard to increase the uplink system throughput. In pilots in CSM are shared between the two users or two antennas. Since there is timing and frequency offset errors between the SS and the BS, the BS receiver must correct for these impairments. These timing and frequency errors translate to phase rolls along the frequency and time dimension. The problem with the current pilot structure for UL CSM is that the BS receiver can’t ascertain whether the phase roll was due to a timing error or a frequency error. 
In this contribution, we propose new pilot patterns for UL STC that can help the BS receiver resolve the phase roll due to timing and frequency errors using a simple receiver.
2. New Pilot Structure for Uplink Using STC

The new pilot patterns are shown in figure below. As seen from the figure below, the pilots of a given user are rotated from tile to tile in a given subchannel. Using this pilot pattern, a simple receiver can be constructed at the BS (see the details in the companion presentation S80216mait-08_260.ppt) to separate the phase roll contribution from each of timing and frequency errors.
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Figure 1: New pilot pattern for UL STC.
3. Performance Analysis and Simulations

See companion slides S80216mait-08_260.ppt. The results show that there is a significant loss from timing and frequency errors while using the current pilot patterns (in some cases causing an error floor above 10% BLER). The link performance results with the new pilot shows no loss relative to the case when there is no timing or frequency errors.
4. Conclusion
We recommend adopting the newly proposed pilot structure for STC uplink.
5. Text Changes
[Change SDMA Pilot capability table in section  11.8.3.7.17 on page 1226 in Rev2/D5 to]

	Type
	Length
	Value 
	Scope 

	178
	1
	Bits 0–1: SDMA pilot pattern support for AMC zone:
   0b00 – No support

   0b01 – Support SDMA pilot patterns #A and #B 
   0b11 – Support all SDMA pilot patterns 
   0b10 –Reserved
Bits 2–7:  Reserved
Bit 2- STC pilot pattern support for PUSC zone:

   0b0 – Support STC pilot patterns #A and #B

   0b1 – Support STC pilot patterns #A’ and #B’
Bits 3–7:  Reserved
	SBC-REQ, SBC-RSP


[Modify Table 434 in Rev2/D5 in section 8.4.5.4.24.1 Dedicated UL Control IE, page 898, lines 11 and 12]

0 = Pilot pattern A, A’
1 = Pilot pattern B, B’
 [Change title of  Figure 275 in Rev2/D5 in section  8.4.1.8.15, page 1022] to 
Figure  275–Mapping of data subcarriers in STTD mode (Patterns A and B).
[Modify the following text to Rev2/D5 in section 8.4.1.8.15, page 1022, line 15]
The pilots in each tile shall be split between the two antennas, and the data subcarriers shall be encoded in pairs after constellation mapping, as depicted in Figure 275, if bit 2 in the SDMA Pilot capability in 11.8.3.7.17 is set to 0. 
[Add the following text to Rev2/D5 in section 8.4.1.8.15, page 1022, line 16]

The s-th (s = 0,1) antenna in the uplink STC pair shall use tile structure t (t = 0 (Pattern A’),1(Pattern B’)) on the k-th tile, where t = mod(s+k,2)  as shown in Figure XXX, if bit 2 in the SDMA Pilot capability in 11.8.3.7.17 is set to 1. 
[Modify the following text to Rev2/D5 in section 8.4.1.8.15, page 1022, line 45]
Two single Tx antenna SSs can perform collaborative spatial multiplexing onto the same subcarrier. In this case, one SS shall use the UL tile with pattern A, and the other SS shall use the UL tile with pattern B. and the The pilot patterns are depicted in Figure 275, if bit 2 in the SDMA Pilot capability in 11.8.3.7.17 is set to 0 and the SS shall use the UL tile with pattern A’, and the other SS shall use the UL tile with pattern B’ if bit 2 in the SDMA Pilot capability in 11.8.3.7.17 is set to 1. 
[Modify the following text to Rev2/D5 in section 8.4.1.8.15, page 1022, line 59]
In order to signal both antennas, the subscriber uses both pilot patterns A and B., if bit 2 in the SDMA Pilot capability in 11.8.3.7.17 is set to 0 and the SS shall use the UL tile with pattern A’, and the other SS shall use the UL tile with pattern B’ if bit 2 in the SDMA Pilot capability in 11.8.3.7.17 is set to 1.
[Modify the following text to Rev2/D5 in section 8.4.1.8.15, page 1023, line 1]
Two single Tx antenna SSs can perform collaborative spatial multiplexing onto the same subchannel. In this case, the one SS should use the UL tile with pilot pattern A, and the other SS should use the UL tile with pilot pattern B., if bit 2 in the SDMA Pilot capability in 11.8.3.7.17 is set to 0 and the SS shall use the UL tile with pattern A’, and the other SS shall use the UL tile with pattern B’ if bit 2 in the SDMA Pilot capability in 11.8.3.7.17 is set to 1.
[Add Figure XXX below after Figure 275 in Rev2/D5 in section  8.4.1.8.15, page 1022] 
Figure  XXX –Mapping of data subcarriers in STTD mode (Patterns A’ and B’).
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tile structure 0 (Pattern A’)





tile structure 1 (Pattern B’)
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