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At RAN1#94 meeting, the following agreements were achieved
Agreement
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

This contribution mainly discusses the additional SRS symbols related design aspects, including the options on SRS resource allocation granularity, UE-specific SRS transmission and UCI/UL-SCH transmission.
[bookmark: _Ref129681832]Discussion
In TDD system relying on downlink-uplink reciprocity, the downlink performance is highly dependent on the quality of received SRS. SRS enhancement in Rel-16 was motivated by providing more SRS transmission occasions for a TDD cell with dominated downlink services. The downlink average throughput can be boosted via supporting more UEs to transmit SRS or configuring relative short periodicity of SRS transmission for one UE. Moreover, the downlink cell edge performance can be improved as well, if UE is able to repeatedly transmit SRS on adjacent several UL symbols.
To complete the specification and achieve the above benefits, the specification work would include
· Extension of Cell specific SRS configurations
· Extension of UE specific SRS configurations
· Definition of PUCCH/PUSCH transmission when more than one symbols are allocated for SRS.
Extension of Cell specific SRS configurations
In last RAN1 meeting, three options on SRS resource granularity are agreed to be considered:  
· 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

For option 3, although the non-SRS slot can be used for sTTI like PUSCH/PUCCH, the remaining symbols other than SRS in SRS slot wasted, as PUSCH/PUCCH cannot be transmitted, otherwise, there would be interference between SRS and PUSCH/PUCCH. 
For option 1 and option 2, it should be noted that by supporting slot level SRS resource granularity, eNB can also be able to configure all symbols in one subframe for SRS transmission by configuring both slots of the subframe for SRS transmission. Thus subframe level SRS granularity is actually a special case of slot level SRS granularity. If eNB can flexibly configure one or two slots in a subframe for SRS by balancing uplink and downlink traffic load, the uplink resource can be utilized more efficiently. To be specific, for high downlink traffic load and low uplink traffic load, the entire subframe can be allocated for SRS by both slot and suframe level granularity. For moderate downlink and uplink traffic load, one slot can be reserved for SRS if slot level SRS resource granularity is supported, while for subframe level SRS resource granularity, longer SRS periodicity has to be configured in order to guarantee the same SRS overhead as slot level SRS granularity. As shown in companion contribution [1], it can be shown that slot-level SRS resource granularity can more gain over subframe-level SRS resource granularity with the observation reproduced as below:
Observation 1: Slot-level granularity has about 4% and 10% gain for cell average and cell edge UPT over subframe-level granularity with the same SRS overhead.
 
From the above discussion, one slot as the minimum SRS resource granularity is preferred considering downlink/uplink performance and configuration flexibility.
Proposal 1: Support one slot as the SRS resource allocation granularity, i.e., one slot or two slots in a subframe can be configured for SRS transmission for a cell.

Extension of UE specific SRS configurations
With the SRS enhancement, one UE can be allocated with more than one symbol for SRS transmission. To extend the UE specific SRS configuration, the following aspects should be taken into account. 
· Number of SRS symbols for a UE
As shown in companion contribution [1], the PDSCH performance can be improved significantly by allocating continuous SRS symbols to a UE for cell edge UEs, with the observations reproduced as below:
Observations 2:  2/4 continuous SRS symbols can achieve significantly downlink throughput gain at a low SNR range (-10dB to 0dB).
Observation 3: 4 continuous SRS symbols outperforms 2 additional SRS symbols with significant gain.
Based on the observations, we have following proposal:
Proposal 2: In one UL subframe, at least 4 continuous symbols can be allocated to a UE for SRS transmitted on one antenna.

· SRS antenna switching
SRS antenna switching is an important feature to enable eNB to acquire full channel information when UE has less Tx chain than Rx chain. From the implementation perspective, antenna switching may need some time for preparation, i.e., switching off the PA to source antenna and power ramping to target antenna. In LTE, this time interval was not explicitly defined and left for UE implementation. 
However, when more continuous UL symbols are allocated for SRS transmission for a UE, the preparation time should be considered. The same thing happens during discussion on SRS antenna switching in NR Rel-15. The LS Reply from RAN4 [2, R4-1710048] indicate that antenna switching time is 15 usec. Therefore, NR specification defines the minimum guard period for antenna switching, i.e., 1 symbols for 15/30/60 KHz subcarrier spacing. We propose to introduce the similar mechanism as NR to guarantee the affectivity of SRS antenna switching when adjacent several UL symbols are allocated for the same UE. 
Proposal 3: Support antenna switching when more than one UL symbol is allocated for the same UE.
Proposal 4: Introduce the guard period for antenna switching when more than one UL symbol is allocated for the same UE.

· Aperiodic SRS
In LTE, UE can be dynamic triggered to transmit SRS without antenna switching and frequency hopping. It does make sense because mostly there is only one SRS occasion in a subframe associated with the triggering PDCCH. However, on the other hand, it also restrict the use of aperiodic SRS. For instance, when UE is suffered from power limitation, aperiodic SRS cannot be configured since SRS transmission on wideband would lead to insufficient power spectrum density. Moreover, triggering aperiodic SRS cannot acquire full channel even UE has the capability of antenna switching.
The situation maybe different when UE can be configured with more than one UL symbol for SRS transmission, where the channel for whole subband channel and/or for all antenna may be sounded by one trigger. One example is shown in figure 1, where a frequency band containing 4 hopping subband can be sounded by one trigger if the UE is allocated with 4 symbols in a uplink subframe. In the same way, aperiodic SRS can also support antenna switching. 
[image: ]
Figure1: A sounding frequency band contains 4 hopping subbands. The entire frequency band can be sounded by one PDCCH if 4 symbols in one subframe is configured to the UE. 

In our view, it would greatly widen the application scenario of aperiodic SRS if SRS transmission with frequency hopping and antenna switching can be dynamic triggered. SRS enhancement should take this enhancement into consideration.
Proposal 5:  Support aperiodic SRS transmission with frequency hopping and antenna switching when UE is configured with more than one symbol in an uplink subframe.

· PUCCH/PUSCH rete matching around SRS symbols
When one subframe is reserved for SRS transmission for a cell, eNB should avoid to schedule UEs on this cell specific SRS subframe. When one slot of a subframe is reserved for SRS transmission for a cell, rate matching PUSCH/PUCCH around SRS symbols should be taken into account. PUSCH rate matching is beneficial for utilization efficiency of uplink resource. While PUCCH rate matching can guarantee uplink resource available for HARQ-ACK reporting. 
In Short TTI WI, slot-SPUSCH channel was designed, where PUSCH can be transmitted on one slot. Similarly, SPUCCH was also designed to feedback HARQ-ACK. We prefer to reuse these designs to carry uplink data and HARQ-ACK. Reuse the design of existing channel to transmit PUSCH does not take much specification effort.
Proposal 6:  Support PUSCH/PUCCH rate matching around SRS slots.
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This contribution mainly discusses the design aspects related to additional SRS symbols. We have the following observations and proposals:
Observation 1: Slot-level granularity has about 4% and 10% gain for cell average and cell edge UPT over subframe-level granularity with the same SRS overhead.
Observations 2:  2/4 continuous SRS symbols can achieve significantly downlink throughput gain at a low SNR range (-10dB to 0dB).
Observation 3: 4 continuous SRS symbols outperforms 2 additional SRS symbols with significant gain.
Proposal 1: Support one slot as the SRS resource allocation granularity, i.e., one slot or two slots in a subframe can be configured for SRS transmission for a cell.
Proposal 2: In one UL subframe, at least 4 continuous symbols can be allocated to a UE for SRS transmitted on one antenna.
Proposal 3: Support antenna switching when more than one UL symbol is allocated for the same UE.
Proposal 4: Introduce the guard period for antenna switching when more than one UL symbol is allocated for the same UE.
Proposal 5:  Support aperiodic SRS transmission with frequency hopping and antenna switching when UE is configured with more than one symbol in an uplink subframe.
Proposal 6:  Support PUSCH/PUCCH rate matching around SRS slots.
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