3GPP TSG RAN WG1 Meeting #94                                        R1-1808192                                                                       

Gothenburg, Sweden, August 20th-24th, 2018

Source:         ZTE

Title:            Discussion on additional SRS symbols

Agenda item:    6.2.3.1.1

Document for:
Discussion and Decision
1 Introduction

In RAN#80 meeting, a work item [1] on LTE SRS was approved which aims to specify the enhancements identified for further improving network performance. The detailed objectives are as follows.
· Enhance SRS capacity and coverage [RAN1]

· Introduce more than one symbol for SRS for one UE or for multiple UEs on a UL normal subframe

· Baseline: the minimum SRS resource allocation granularity for a cell is one slot, when more than one symbol in a normal subframe is allocated for SRS for the cell

· Enhancements on PUCCH and PUSCH are not in scope

· Introduce virtual cell ID for SRS 

· Specify higher layer support of enhancements listed above [RAN2]

· Specify RF requirement of UE for the enhancements listed above [RAN4]
In this contribution, we provide our views on introducing multiple symbols for SRS on UL normal subframe.
2 Discussion
In LTE Release 13, in order to enhance SRS capacity for TDD system, additional two or four SRS symbols were introduced for UpPTS in special subframe. In Release 14 FeMTC, to enhance SRS coverage, P-SRS/A-SRS can be transmitted on at most 6 UpPTS symbols in the same subframe for one FeMTC UE. Meanwhile, SRS carrier based switching was introduced to enhance DL MIMO performance by channel reciprocity. In short, SRS is a significant factor for DL MIMO performance, especially for massive MIMO in TDD. In order to further enhance SRS capacity and coverage, multiple SRS symbols for one UE or for multiple UE on UL normal subframe can be supported in LTE Release 16. Several related issues about multiple SRS symbols are discussed in the following sub-sections. 

2.1 The SRS symbols which can be configured for one cell or UE
In current LTE, UE can be configured with cell-specific and UE-specific SRS periodicity and subframe offset. Only one symbol can be used for SRS transmission on UL normal subframe. UE does PUSCH rate matching in the last symbol on UL normal subframe which cell-specific periodicity and subframe offset was configured on. If more than one symbols on an UL normal subframe are configured for SRS transmission for LTE Rel-16 UE, the legacy UEs can’t realize the SRS resource used for Rel-16 UE, it is impossible for legacy UE to do PUSCH rate matching when the legacy UEs are scheduled in this normal subframe. In this case, interference will be introduced between Rel-16 SRS and the PUSCH or PUCCH of legacy UEs, and then the performance will be degraded. The more new SRS symbols are configured in the normal subframe, the more interference is introduced. 

In order to mitigate the performance degradation of legacy UEs, the SRS symbols which can be configured for one cell in the normal subframe should be limited. Or else, the serious scheduling restriction is needed for the legacy UEs to avoid interference from new SRS symbols if there are too many but this would impact performance of legacy UEs. 

Consequently, we propose to support up to two SRS symbols in the normal UL subframe unless much performance increase is observed for Rel-16 UEs and negligible performance loss for the legacy UEs by more than two SRS symbols are justified. 

Further, in order to avoid collision between new SRS positions and existing DMRS positions of PUSCH and PUCCH, the two new SRS symbols in the normal UL subframe can be respectively located in the last symbol of the two adjacent slots. This would lower the impact of implementation on operations on PUSCH and PUCCH and reduce the interference impact of new SRS symbols on these channels.   
Proposal 1: Support up to two SRS symbols in a normal UL subframe for a cell where each is located in the last symbol of each slot.
Based on the proposal 1, a new SRS symbol is introduced only in the last symbol of the first slot in the normal subframe. However, allowing periodic SRS on this new symbol would make it hard to avoid interference considering traffic demand can be dynamic for these legacy UEs.  In order to further avoid interference impact on legacy UE performance, we propose to only support aperiodic SRS for this new symbol in the first slot of the UL normal subframe. And then, the base station can dynamically avoid serious interference between PUSCH/PUCCH of the legacy UEs (including semi-persistent/aperiodic PUSCH) and the new SRS symbol in the first slot of the normal subframe. 
In addition, considering the limited time budget of this WID in Rel-16, one SRS symbol in the normal subframe for one UE is preferred since less standard effort is needed. Or else, the formula for calculation of nSRS of antenna selection should be re-designed.  

Therefore, we have the following proposal

Proposal 2: Support only one SRS symbol for one UE in a normal UL subframe, and only support aperioidc SRS in the last symbol of the first slot of the UL normal subframe.
2.2 Symbol-level generation of the pseudo-random sequence for both 
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NR introduces symbol level generation of the pseudo-random sequence for both the sequence-group number 
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 and the base sequence number 
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 because multiple symbols in one slot can be used for SRS transmission. 
Since multiple SRS symbols within one slot are also supported in the LTE WI in section 1, we propose to use the same generation of the pseudo-random sequence for both 
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 and 
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. And then, further interference randomization can be achieved.
Proposal 3: For SRS pseudo-random sequence, support the same symbol-level generation of the pseudo-random sequence for both 
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 and 
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as NR. 
To be more specific, we provide the modified formula based on proposal 4 as below.
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Where 
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 is the symbol number within the subframe 
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3 Conclusions

In this contribution, we provide our views on introducing multiple symbols for SRS on UL normal subframe. 
Proposal 1: Support up to two SRS symbols in a normal UL subframe for a cell where each is located in the last symbol of each slot.
Proposal 2: Support only one SRS symbol for one UE in a normal UL subframe, and only support aperioidc SRS in the last symbol of the first slot of the UL normal subframe. 
Proposal 3: For SRS pseudo-random sequence, support the same symbol-level generation of the pseudo-random sequence for both 
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as NR. 
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