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1 Introduction

In RAN1 #94 meeting, it is agreed that the following options are considered for study of additional SRS symbols for LTE[1].
The time location of possible additional SRS symbols in one normal UL subframe for a cell include the following 

· Option 1: All symbols in one slot can be used for SRS from cell perspective

· E.g., The other slot in the subframe may be used for PUSCH transmission for sTTI-capable UE.

· Option 2: All symbols in one subframe can be used for SRS from cell perspective

· Option 3: A subset of symbols in one slot can be used for SRS from cell perspective

· E.g., The other slot in the subframe may be used for PUSCH transmission for sTTI-capable UE.

· Other options are not precluded

· FFS whether it has spec impacts or not for cell-specific configuration

· Companies are encouraged to study and evaluate considering 

· Performance (eg, DL performance improvement, degradation on UL performance including legacy UL for legacy UEs)

· Specification impact

· UE complexity

· RF impact

· RAN1 will finalize on the performance metrics and evaluation methodology in RAN1#94bis

· System level parameters, evaluation methodology, and the need for system level evaluation can be discussed in the next RAN1 meeting

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
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 avoid the performance degradation of legacy UE, legacy UEs and LTE Rel-16 UEs can be TDM by scheduling. 

In last RAN 1 meeting, for the time location of possible additional SRS symbols in one normal UL subframe for a cell, it was agreed that three options can be studied further as following:

· Option 1: All symbols in one slot can be used for SRS from cell perspective

· Option 2: All symbols in one subframe can be used for SRS from cell perspective

· Option 3: A subset of symbols in one slot can be used for SRS from cell perspective

· E.g., The other slot in the subframe may be used for PUSCH transmission for sTTI-capable UE.

For option 1 and option 3, the other slot in the subframe may be used for PUSCH transmission for sTTI-capable UE, but for other Rel-16 UE without sTTI-capability, to exploit UL resource sufficiently, different PUSCH rate matching due to additional SRS symbols is required at UE side, which will increase the complexity of specification and UE implementation. For option 2, UE doesn’t need to do PUSCH rate matching different from legacy approach and the interference between Rel-16 UE and legacy UE can be avoided by scheduling. Furthermore, cell-specific periodicity and subframe offsets can be reused for Rel-16 UE. Therefore, we prefer that all symbols in one subframe can be used for SRS from cell perspective. 

Proposal 1: All symbols in one subframe can be used for SRS from cell perspective.
Proposal 2: PUSCH rate matching should not be changed due to additional SRS symbols for LTE Rel-16 UE.
Based on the proposal 1, all symbols in one subframe can be used for SRS from cell perspective. However, allowing periodic SRS on this new symbol would make it hard to avoid scheduling in the same subframe considering traffic demand can be dynamic for these legacy UEs. In order to further avoid the performance degradation of legacy UE, we propose to only support aperiodic SRS for this new symbol in UL normal subframe. Then, the base station can dynamically schedule legacy UE and Rel-16 UE by TDM. 

Therefore, we have the following proposal:

Proposal 3: For additional SRS symbols in UL normal subframe, only aperiodic SRS can be supported for Rel-16 UE. 
2.2 Performance evaluation
Based on the agreed simulation assumptions, we provide our simulation results to verify the maximum number SRS symbols which can be configured to one UE in one subframe. In the simulation, 1, 2, 4 adjacent SRS symbols, i.e. repetition 1, 2, 4 are configured respectively, QPSK is assumed and code rate is 1/2. In addition, the same SNR is assumed for DL and UL which is for SRS. From the results as shown in Figure 1, marginal performance difference is observed among repetition 1, 2, 4. In order to save uplink SRS overhead and reduce possible interference, we propose to limit the maximum number of SRS symbols as 1 or 2 for a UE unless obvious performance gain is justified.
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Figure 1 Performance comparison of repetition 1, 2, 4

2.3 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 then, further interference randomization can be achieved.
Proposal 4: 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: All symbols in one subframe can be used for SRS from cell perspective.
Proposal 2: PUSCH rate matching should not be changed due to additional SRS symbols for LTE Rel-16 UE.
Proposal 3: For additional SRS symbols in UL normal subframe, only aperiodic SRS can be supported for Rel-16 UE. 
Proposal 4: 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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