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1 Introduction

Non-codebook based FD-MIMO is promising since eNB could use UL measurements to determine DL CSI from SRS by DL-UL channel reciprocity. Based on feasibility study in [1] it was concluded that SRS enhancements on capacity and channel estimation accuracy are beneficial for EB/FD-MIMO. In this contribution, we give our views on this topic. 

2 Discussion
2.1 SRS multiplexing capacity

In current LTE, the sounding multiplexing capacity is determined by total available sounding resources, UE specific SRS configuration of transmission bandwidths and periodicity, number of cyclic shifts NCS and number of frequency combs NC. For a TDD system with two UpPTS symbols per 5ms and 10MHz system bandwidth, NCS = 8, cell specific SRS transmission in UpPTS special subframe, for a single antenna UE with a sounding period of 10ms, at least 768 or 64 UEs can be supported for narrowband (4RBs) and wideband (48RBs) sounding respectively. If multiple antenna sounding transmission is supported, each transmission antenna will consume one SRS resource and SRS multiplexing capacity will be reduced, e.g. by a factor of two or four for 2 TX and 4 TX respectively. In such case, some enhancements on wideband SRS capacity may be needed. However, for narrow band SRS the supported number of UEs is still about 200 for 4 TX sounding antenna. Considering narrow band SRS is mainly used for UL power control and timing tracking, the needs for capacity enhancements may not be justified.

Proposal 1: SRS capacity enhancements only needs to consider to increase wideband SRS multiplexing capacity to support channel reciprocity based FD-MIMO. 
2.2 Sounding enhancements

There are several proposals for increasing sounding resources for FD-MIMO [1]. A brief description of each proposal is presented below including the pros and cons of each proposal.
Use unused PUSCH DMRS for SRS
In this method, UE can piggyback sounding on a PUSCH transmitted from another UE by transmitting only on the DRMS symbols and utilizing the unused DMRS cyclic shifts. It is noted that the similar method was proposed for Rel-10 but not agreed. The key issues are the impact on DMRS channel estimation performance and DL control signalling overheard. Another thing to note is that this method may not efficiently support wideband SRS since there is a prerequisite that SRS bandwidth shall be equal to PUSCH bandwidth assigned to other UEs due to orthogonal multiplexing. Definitely this will limit the performance benefits.
Sounding on PUSCH

There could be two options under this method. The first is to reuse the PUSCH DMRS whenever possible to obtain channel state information in a partial UL RB allocation. This is an implementation related issue. The other option is transmit SRS on PUSCH resources, e.g. adding one or more SC-FDMA symbols for sounding. However, sounding transmission in any other symbol apart from the last symbol of a UL subframe will interfere with a legacy PUSCH transmission. The strong interference from PUSCH on SRS channel estimation shall be carefully studied. 
Increasing number of SRS combs

In theory, increasing the comb or RPF from 2 to 4 could double SRS multiplexing capacity. However, the supported delay spread between two adjacent cyclic shifts is reduced and there could be strong inter-code interference by frequency selectivity. As a result, only half of the 8 cyclic shifts can be used and in such case there is no capacity gain from extended comb. 

System simulations have been applied to evaluate the benefits of the extended comb. Table 1 shows performance of SRS with RPF 2 and RPF 4 under 8TxRU using full buffer traffic model. The SRS channel estimation error is modelled based on [2].

Table 1: SRS RPF 2 and RPF 4 simulation results (8TxRU, Full-buffer, 3D-UMi)
	
	5% - UE throughput (bps/Hz)
	Gain
	50% - UE throughput (bps/Hz)
	Gain
	Average UE throughput (bps/Hz)
	Gain

	SRS with RPF 2
	0.079
	-
	0.325
	-
	0.431
	-

	SRS with RPF 4
	0.083
	5.1%
	0.34
	4.6%
	0.437
	1.4%


It can be seen that SRS with RPF 4 can only provide marginal performance gain over SRS with RPF 2 in 3D-UMi scenario. Although increasing RPF from 2 to 4 can reduce certain inter-cell SRS interference, there is a non-ignorable channel estimation performance loss. Power boosting shall be applied to RPF 4 to compensate the channel estimation loss. If all SRS transmission is boosted by 3 dB then the UL SINR is same between RPF 2 and 4. If users are selected for power boosting, e.g., only for cell edge users, then UL SINR of the cell edge UEs can be improved but the gain is lower than 3dB due to the increase of interference power. Therefore the gain from comb extension is quite limited as seen from the above system evaluation results. 
4Tx antenna switch for SRS transmission

This specific method is only targeting for 4 transmission antennas since 2Tx antenna switch has been already supported by the current spec. Compared to simultaneous 4TX sounding transmission, this method does not need antenna specific sounding resource thus capable of supporting more UEs. However, this is at the cost of the CSI accuracy since four longer time is needed to obtain full channel state information. In addition, PA insertion loss due to antenna switch and non-ideal uplink power control may further degrade CSI accuracy and affect UL-DL channel reciprocity. It shall be noted that SRS assignment efficiency for multi-antenna UEs can be improved by aperiodic SRS. For example, single antenna transmission is used for periodic SRS and 4 TX antenna for aperiodic SRS. In such case, the required SRS resources for 4TX antenna sounding can be greatly reduced.  Therefore, the benefits of 4Tx antenna switch is not clear.
Precoded SRS

Precoded SRS for FD-MIMO can be used to improve SRS coverage and reduce inter-cell interference. It can be also used to reduce the required sounding resources for multiple antenna UEs. However, there are some drawbacks of the precoded SRS. Firstly, the precoded SRS shall be used in combination with the non-precoded SRS to enable rank and PMI selection. That would make the SRS resource management rather complicated. Secondly, signalling is needed to indicate the PMIs to be used for SRS transmission and also the number of transmission ports. Although it is possible to reuse the PMI indicator in UL grant for PUSCH, any time for reconfiguration of PMI for SRS an UL transmission shall be scheduled even when UE does not have the data to be transmitted. Another possibility is to reply on UE to determine the PMI for precoded SRS and the number of transmission ports based on DL channel measurement. But in such case eNB may still need to reserve sounding resource for all transmission antenna ports and thus the benefits for reducing the SRS overhead may not hold. Therefore we think further studies on precoded SRS are needed.
Increasing the number of UpPTS symbols

In this method, SRS capacity can be increased by adding one or more symbols in UpPTS special subframe, e.g. 50% and 100% increase in sounding resources by adding one and two symbols in UpPTS. For backward compatibility, the special subframe configuration in SIB1 message is not changed with same content as Rel-12. The additional sounding resources in UpPTS special subframe can only be configured to Rel-13 UEs via RRC signalling. In other words, a part of GP in special subframe shall be allowed to be reconfigured to SRS transmission for Rel-13 UEs. Secondly, the additional SRS resources in UpPTS can only be configured for aperiodic SRS transmission, e.g. no support of frequency domain SRS hopping so that SRS transmission on additional resources in UpPTS will not interfere with SRS transmission using the legacy resources. 
It is noted also that increasing the number of UpPTS symbols will not have the impact on the coexistence on with TD-SCDMA system. As shown in Figure 1 below, the UpPTS special subframe of LTE TDD is fully overlapped with the uplink subframe of TD-SCDMA system and therefore increasing UpPTS symbols for LTE TDD will not affect the coexistence with TD-SCDMA. 
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Figure 1: Coexistence with TD-SCDMA
However, this scheme may cause interference to PDSCH receiving in DwPTS if Rel-13 UEs transmit SRS on additional resources in UpPTS. This may be caused by the effective GP length excluding additional SRS symbols lower than two times of maximum propagation delay. There are at least two solutions to solve this problem. One is to configure DwPTS with 3 symbols thus no PDSCH transmission in the special subframe. The second solution is by eNB scheduling for UE-to-UE interference mitigation. The first solution may reduce DL throughput but the benefits are more SRS symbols can be configured in the UpPTS special subframe to improve SRS capacity.
Other options

As discussed before the efficient solution for SRS capacity enhancements is to improve SRS resource management rather than simply increasing SRS capacity. Even with 100% increase in sounding resources only 32 UEs can be configured for wideband SRS (48 RBs) based on the above assumption. It is not clear whether this can fulfil the FD-MIMO target requirements. It is noted that aperiodic SRS introduced in Rel-10 can greatly improve the SRS assignment efficiency for multi-antenna UEs by allowing one-shot sounding. Therefore, any enhancement on aperiodic SRS, such as reducing triggering delay to 2ms and allowing multiple SRS parameter sets for DCI formats 0/1A/2B/2C/2D shall also be considered. Generally these enhancements would help to improve sounding resource managements with aperiodic SRS.
Proposal 2: Enhancements on aperiodic SRS, such as reducing triggering delay to 2ms and allowing multiple SRS parameter sets for DCI format 0/1A/2B/2C/2D shall be considered. 
Proposal 3: If SRS multiplexing capacity needs to be increased to fulfil the FD-MIMO requirements, prioritize the scheme of increasing the number of UpPTS symbols. 
3
Conclusion

In this contribution, we discuss the schemes to increase or more efficiently manage SRS resources to fulfil the FD-MIMO requirements. We have the following proposals:

Proposal 1: SRS capacity enhancements only needs to consider to increase wideband SRS multiplexing capacity for supporting channel reciprocity based FD-MIMO. 
Proposal 2: Enhancements on aperiodic SRS, such as reducing triggering delay to 2ms and allowing multiple SRS parameter sets for DCI format 0/1A/2B/2C/2D shall be considered. 
Proposal 3: If SRS multiplexing capacity needs to be increased to fulfil the FD-MIMO requirements, prioritize the scheme of increasing the number of UpPTS symbols. 
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