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Multiplexing of MBS and unicast services in 16m
Kaiying Lv, Changyin Sun, Wei Gou, Ke Yao, Huiying Fang, Hongyun Qu, Wenhuan Wang
ZTE Corporation
1. Introduction
There are two types of access to MBS: single-cell MBS and multi-cell MBS. In this contribution, MBS refers to a multi-cell MBS which supports MBS single frequency network (MBSFN) operation. It is usually used to achieve high spectral efficiency and large coverage of multicast/broadcast services. When system is working in MBSFN mode, all BSs make synchronized transmission of common multicast data at the same resources. In this case, MBS CP duration should be longer than that of unicast to obtain the macro-diversity gain (SFN gain). However, longer CP will reduce number of data resources, therefore in mixed unicast and MBS carrier deployment, mixed CP configuration for unicast and MBS should be considered in order to improve spectral efficiency. 
Currently in the SDD, two CP lengths are determined. The longer one is 1/8Tu , and the shorter one is 1/16Tu. For the micro-cell deployment, the shorter CP is enough for unicast traffic, while longer CP should be applied for MBS. For the macro-cell deployment, longer CP should be applied for both unicast traffic and MBS. Therefore the unicast and MBS traffic can be multiplexed by TDM and/or FDM with mixed CP or identical CP configurations under different scenarios. This contribution focuses on the description and comparison of different multiplexing methods with identical or mixed CP configuration.

2 .Multiplexing schemes for unicast and MBS

Herein we describe and compare two multiplexing methods, which are pure TDM and hybrid TDM/FDM. 
A. pure TDM

By pure TDM, unicast and MBS traffic can be time multiplexed among subframes within one downlink frame. The CP length for unicast and MBS can be identical or mixed. When the identical CP length is applied, the number of subframe allocated for each kind of traffic is free to choose according to the scheduling requirements. When the mixed CP length is applied, the number of subframe allocated for MBS traffic should be carefully considered in order to improve the spectral efficiency. For example, suppose that shorter CP (1/16 Tu) is applied to unicast service while longer CP (1/8 Tu ) is applied to MBS, the length of 17 symbols of longer CP (9/8*Teffective *17) is equal to that of 18 symbols of shorter CP (17/16* Teffective *18). In such case, in a frame consisting of shorter CP symbols, 18 symbols of shorter CP can just be replaced by 17 symbols of longer CP without leaving any additional idle time so that symbols of mixed CP length can exist in one frame without any penalty. Therefore 17 or multiple of 17 symbols of longer CP is suitable to be allocated to MBS. In the real system, 17 symbols of longer CP may be the most probable case, and the 17 symbols can be devided into three subframes in which two regular subframes consist of 6 symbols and one irregular subframe consists of 5 symbols. 
This multiplexing method is applicable to both TDD and FDD systems. However in TDD system, when some subframes are allocated to MBS, it is much tougher to meet the delay requirements of some real time services or uplink related signaling such as ACK/NACK for uplink transmissions. 
Pure TDM approach has some advantages and disadvantages:
Advantages:

· Simple signaling of resource allocation for the MBS traffic.

· Mixed CP length is applicable in order to improve spectral efficiency. 

· MSs can achieve effective power saving by just monitoring the subframes which are only relevant. 
Disadvantages:

· Some DL real time unicast data and HARQ operation may not have enough resources to transmit in time.

· For larger bandwidth system, when mixed CP length is applied, MBS scheduling granularity may be too large. Not flexible for scheduling.
Figure 1 and Figure 2 show the examples of two cases with identical CP or mixed CP configuration respectively. Two MBS subframes are allocated in figure 1, and three MBS subframes are allocated in figure 2. 
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Figure 1. TDM of unicast and MBS with identical CP configuration
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Figure 2 TDM of unicast and MBS with mixed CP configuration

B. Hybrid TDM/FDM

By hybrid TDM/FDM, unicast and MBS traffic can be time multiplexed among subframes, and be frequency multiplexed within a subframe. Since unicast and MBS must apply same CP length which is long CP within a subframe, the shorter CP length may be applied on the subfarme which contains unicast traffic only in order to improve spectral efficiency. Therefore mixed CP length is more effective for this case. When the mixed CP length is applied, the number of subframe allocated for MBS traffic should be carefully considered in order to fully utilize the resources. For the same reason described above for the pure TDM method, 17 or multiple of 17 symbols of longer CP is suitable to be allocated to MBS. In the real system, 17 symbols of longer CP may be the most probable case, and the 17 symbols can be devided into three subframes in which two regular subframes consist of 6 symbols and one irregular subframe consists of 5 symbols. And also it is better to allocate three contiguous subframes for power saving purpose. This multiplexing method is applicable to both TDD and FDD systems. 
Hybrid TDM/FDM approach has some advantages and disadvantages:
Advantages:

· Flexible resource allocation for MBS traffic

· DL real time unicast data transmission and HARQ operation can be effectively implemented. 
· Higher spectral efficiency by applying mixed CP length
· Enable power saving for MBS MSs. 

Disadvantages:

· Signaling of resource allocation becomes a little more complicated.
Figure 3 shows the Hybrid TDM/FDM multiplexing scenario where mixed CP is configured. In this figure, three MBS subframes are allocated.
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Figure 3 Hybrid TDM/FDM multiplexing of unicast and MBS

3. Conclusion
In general, both TDM and hybrid TDM/ FDM have advantages and disadvantages. However, how to adapt the long CP MBS traffic to the short CP frame structure defined in SDD is a critical issue for improving the system spectral efficiency. Both TDM and hybrid TDM/ FDM can be applied for mixed CP scenario, but the Hybrid TDM/FDM approach can provide more flexible and efficient scheduling for both MBS and unicast traffic. Hence, the hybrid TDM/FDM multiplexing of unicast and MBS is recommended. 
4. Proposed SDD text

------------------------------------------- Start of Proposed SDD Text --------------------------------------------------------

Section 15  Support for Enhanced Multicast Broadcast Service
Multi-cell E-MBS with single frequency network (SFN) operation is supported to achieve the high spectral efficiency target. For the mixed unicast/E-MBS carrier deployment, Hybrid TDM/FDM multiplexing approach can be applied, where the unicast traffic and multi-cell E-MBS can be time multiplexed among subframes, and be frequency multiplexed within one subframe. Long CP is used for the subframes containing MBS and unicast traffic. 
------------------------------------------- End of Proposed SDD Text --------------------------------------------------------
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