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1 Introduction

In RAN1 #98 meeting, the following agreements and conclusions were achieved for additional SRS symbols for LTE[1].

Conclusion

sPUSCH and/or sPUCCH can be used to handle the collision between SRS and PUCCH/PUSCH.

· FFS: Introduction of sPUSCH and/or sPUCCH capability for Rel-16 UEs to enable sPUSCH and/or sPUCCH transmission in the SRS subframe.
For further discussion in RAN1#98bis

For the handling of collision of SRS and PUCCH/PUSCH transmission for UEs not supporting sPUSCH/sPUCCH, downselect from the following

· Alt2A: UE delays SRS transmission in the additional symbols if the SRS collides with PUCCH/PUSCH/PRACH in the same carrier

· Alt2B: UE drops SRS transmission in the additional symbols if the SRS collides with PUCCH/PUSCH/PRACH in the same carrier

· Alt3: UE does not expect to be triggered with aperiodic SRS in the additional symbols of the SRS that collides PUCCH/PUSCH/PRACH in the same carrier

· FFS: Details for collision situations for interband-CA, intraband-CA

· Alt4: It is up to eNB implementation
Agreement 1:

Guard period for frequency hopping and/or antenna switching can be configured regardless of intra-subframe repetition configuration. 

· It is up to RAN4 to introduce a UE capability for those UEs which do not require guard period.

· Including whether to have separate UE capabilities for frequency hopping and antenna switching if such UE capability is introduced
Agreement 2:
For the power control for SRS symbols when additional and legacy SRS symbols are transmitted in the same subframe:

· Additional SRS and legacy SRS each follow their own transmission power control 

· FFS: Gap between additional SRS and legacy SRS symbols when they are adjacent
In this contribution, we provide our views on additional SRS symbols in UL normal subframe.
2 Discussion
2.1 SRS frequency hopping, repetition and antenna switching 
In RAN1#95 meeting, it was agreed that intra-subframe antenna switching is supported for aperiodic SRS in additional SRS symbols. Considering that SRS frequency hopping and repetition can increase SRS capacity and coverage, while intra-subframe SRS antenna switching is helpful for eNB to obtain efficient downlink CSI by channel reciprocity, in RAN1 #96bis it was agreed that any combination of intra-subframe antenna switching, intra-subframe frequency hopping, and repetition can be simultaneously configured within one subframe in order to fully exploit the benefit of additional SRS symbols.
For SRS frequency hopping pattern in additional SRS symbols, to achieve orthogonality between LTE Release 16 UE and legacy UE, same SRS frequency hopping pattern as legacy UE is preferred. To keep the same hopping pattern as legacy UE in the last symbol, Rel-16 UE can start SRS frequency hopping from the last symbol to the first symbol of additional SRS symbols as shown in Figure 2.1. In this case, one set of SRS configuration by RRC signaling can be used for both additional symbol(s) and legacy symbol. 
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Figure 2.1 SRS frequency hopping from the last symbol to the first symbol
Proposal 1: For aperiodic SRS frequency hopping, to keep the same hopping pattern as legacy UE in the last symbol, Rel-16 SRS frequency hopping order can start from the last symbol to the first symbol of additional SRS symbols.
In RAN1#97 meeting, following working assumption is achieved:

When intra-subframe frequency hopping/repetition and intra-subframe antenna switching are concurrently configured, frequency hopping should be performed before antenna switching.
In NR, at least one symbol gap is introduced for SRS antenna switching with 15KHz subcarrier spacing. The same gap should be introduced in LTE. However, more gaps may cause more overhead. If the one symbol guard period is introduced in LTE, when both SRS antenna switching and frequency hopping are configured within one subframe, the SRS gap should be minimized. 
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Figure 2.2 Patterns for both antenna switching and frequency hopping

As shown in Figure 2.2 for 1T2R with 4 hops frequency hopping within one subframe, the pattern (a) is better than pattern (b) since less gap symbols are introduced. Therefore, for antenna switching with xTyR, the configured number of SRS symbols denoted as N should be integer multiple of y/x. N symbols are divided into y/x groups, each group includes N/(y/x) adjacent symbols and is used for one SRS antenna. The 1 symbol gap should be ensured between two groups. As shown in Figure 2.4(a), xTyR = 1T2R, N=4, so 4 SRS symbols are divided into 2 groups, the first group includes symbol 9,10 for Tx0, the second groups includes symbol 12, 13 for Tx1. Only one symbol gap is reserved in symbol 11.
Therefore, in order to minimize the gap for frequency hopping and/or antenna switching, we propose to confirm the above working assumption. 
Proposal 2: Confirm the working assumption that when intra-subframe frequency hopping/repetition and intra-subframe antenna switching are concurrently configured, frequency hopping should be performed before antenna switching. 
2.2 The handling of collision of SRS and PUCCH/PUSCH transmission

In RAN1#96 meeting, it was agreed that 1 to 13 symbols in one subframe can be used for additional SRS. In RAN1#97 meeting, there is a conclusion for further determining whether to introduce a new sPUSCH and/or sPUCCH capability for Rel-16 UEs to enable sPUSCH and/or sPUCCH transmission in the SRS subframe, and how to handle the collision of SRS and PUCCH/PUSCH transmission for UEs not supporting sPUSCH/sPUCCH. We think that the enhancement for PUSCH/PUCCH is out of scope of this WI, and the collision between SRS and PUCCH/PUSCH can be avoided by scheduling, so we prefer alt4, i.e. it is up to eNB/UE implementation.      
Proposal 3: DO NOT introduce specification change to handle collision of SRS and PUCCH/PUSCH transmission.

2.3 The gap between additional SRS and legacy SRS symbol
In RAN1#98 meeting, it was agreed that additional SRS and legacy SRS each follow their own transmission power control when they are transmitted in the same subframe. For the gap between additional SRS and legacy SRS symbols when they are adjacent, considering that power transient time also exists between PUSCH and legacy SRS symbol due to the configuration of SRS power offset in legacy LTE system, and there is no gap between them, so it is also unnecessary to reserve gap between additional SRS and legacy SRS symbols when they are adjacent.           
Proposal 4: It is not necessary to reserve gap between additional SRS and legacy SRS symbols when they are adjacent.

3 Conclusions

In this contribution, we provide our views on on additional SRS symbols in UL normal subframe. 
Proposal 1: For aperiodic SRS frequency hopping, to keep the same hopping pattern as legacy UE in the last symbol, Rel-16 SRS frequency hopping order can start from the last symbol to the first symbol of additional SRS symbols.

Proposal 2: Confirm the working assumption that when intra-subframe frequency hopping/repetition and intra-subframe antenna switching are concurrently configured, frequency hopping should be performed before antenna switching. 
Proposal 3: DO NOT introduce specification change to handle collision of SRS and PUCCH/PUSCH transmission. 

Proposal 4: It is not necessary to reserve gap between additional SRS and legacy SRS symbols when they are adjacent.

4 References

[1] Chairman’s note, 3GPP RAN1#98
1

