[bookmark: _Ref452454252]3GPP TSG RAN WG1 Meeting #98bis	R1-1910852
Chongqing, China, October 14th – 20th 2019

Agenda item:     	6.2.3.1.1
Source:	Nokia, Nokia Shanghai Bell
Title:	Discussion on introduction of additional SRS symbols
Document for:		Discussion and Decision

1 	Introduction
In the RAN1#98 meeting discussion on introduction of additional SRS symbols continued and the following agreements and conclusions were made and issues requiring further study were identified:

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

Conclusion
No consensus on the support of periodic SRS transmission in additional symbols for Rel-16.

Agreement
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
At least for the case where there is no legacy SRS transmission on the subframe, independent close loop power control of additional SRS symbols from legacy SRS symbols is supported.

Agreement

The initialization seeds cinit  for (u, v) same as specified in LTE Release 15 with one modification  can be virtual cell ID.

Agreement

If the gap symbol is configured, it is not counted towards the number of configured SRS symbols  as well as repetition factor R

Conclusion
No consensus on the support of antenna switching across a subset of antenna ports in one subframe in Rel-16

Agreement
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 addition, in the RAN#82 plenary meeting the scope of the WID was discussed and it was confirmed that enhancements on PUCCH and PUSCH are not in scope of the work item.

In this contribution we discuss further details related to the introduction of SRS in additional symbols.

2 	Discussion
2.1 Handling of potential collisions of SRS and PRACH/PUSCH/PUCCH
According to the conclusion in the last meeting, only aperiodic SRS transmissions in the additional symbols are supported. Because of this, it is relatively easy for eNB to avoid collisions of SRS and other scheduled UL transmissions like PUSCH or HARQ-ACK on PUCCH. However, UE’s request of resources with PRACH or SR in PUCCH cannot be known in advance at the eNB and collision with SRS transmission in additional symbols is possible. For these cases UE behaviour should be clarified so that some collision handling rules are defined. Regarding CA operation, we think that SRS in additional symbols in a carrier and PUSCH/PUCCH/PRACH in another carrier can be transmitted simultaneously. We think the following UE behaviour should be specified:
Proposal 1: UE drops SRS transmission in the additional symbols if the SRS collides with PRACH or PUCCH in the same slot in the same carrier.

Proposal 2: UE may assume that SRS in additional symbols is not triggered so that it collides with PUSCH in the same slot in the same carrier. 

Proposal 3: If SRS in additional symbols is transmitted in the different carrier than PRACH/PUSCH/PUCCH, then they can be transmitted simultaneously.

2.2 Guard period for SRS FH and AS
In the last meeting it was agreed that eNB can configure guard period for SRS transmission when antenna switching, or frequency hopping takes place. It was also discussed that UE could indicate capability for not requiring guard period. This would mean that UEs that are capable for short transient periods, when doing AS or FH operation, could indicate to eNB that their implementation supports short transient period. The actual transient period limit, when UE could indicate the new capability, should be discussed in RAN4. Those UEs that do not indicate the new capability operate according to legacy transient period definitions. From eNB perspective the new capability indicates that the quality of the SRS transmission is good even if guard period is not configured, but it is up to eNB to configure or not configure guard period before antenna switching or frequency hopping.
Proposal 4: Regardless of potential new UE capability indication related to guard period before antenna switching or frequency hopping, eNB can opt to configure or not configure guard period before AS or FH.
2.3 Power control of SRS in additional symbols
The new SRS in additional subframes can be used to improve the coverage of the SRS by repeating SRS over multiple symbols. The new SRS can also be used to provide quicker sounding of the whole BW of the carrier using frequency hopping. Sounding of multiple antenna ports within a subframe is possible as well. For SRS repetition, trade-off between multiple repetitions and Tx power need to be considered. Besides of coverage limited UEs, there can be UEs in good conditions in the cell and they can do SRS antenna switching using just one SRS symbol per antenna port. Because of different UEs can have different conditions in the cell and independent power control for SRS in additional symbols is beneficial. In the RAN1#97 meeting it was agreed that open loop power control can be independently configured for additional SRS symbols. We think that configuration of independent open loop parameters P0 and alpha should be UE specific. There may be UEs that are configured to multiple repetitions of SRS symbols and some that don’t repeat SRS in the additional symbols in the same cell. It should be possible to support different Tx power setting for UEs that repeat SRS and UEs that don’t repeat SRS transmissions.
Regarding closed loop commands, in the last meeting it was agreed that independent closed loop power control is used at least for the case when there is not legacy SRS in the subframe. For the case when there is also legacy SRS in the same subframe, proposal has been made to use common PC for both legacy and new SRS. However, the configuration of legacy and the new SRS in the additional symbols is done separately, and it is not beneficial to limit the configurability so that BWs of the SRS in additional symbols and legacy SRS transmissions are the same. We think that requiring configuration of SRS in additional symbols and legacy SRS be such that transient period before legacy SRS is avoided, limits the configuration flexibility too much.

Regarding the case when there is not legacy SRS in the same subframe with SRS in the additional symbols, the agreement from the last meeting says that closed loop commands are applied only to the SRS in additional symbols. Based on this, we think the most straightforward way is to define fully independent open and closed loop power control for SRS in additional symbols also for the case when there are legacy SRS symbols in the same subframe.  

Proposal 5: Independent open loop power control parameters P0 and alpha for additional SRS symbols are configured UE specifically so that different UEs in the same cell can have different parameter values.

Proposal 6: All the SRS transmissions in additional symbols use power control loop that is independent from the legacy SRS PC. TPC commands for SRS in additional symbols are sent separately from the TPC of legacy SRS transmissions. 


2.4 DCI formats for triggering SRS and sending TPC commands 
In the RAN1#96bis meeting it was agreed that legacy DCI formats are used to trigger SRS transmissions in additional symbols. It was also agreed that the SRS request field in the DCI can trigger just legacy SRS or just additional SRS or both (or none of them). 

Agreement
A codepoint in the same DCI triggers SRS transmission for one of the following:
· Only aperiodic legacy SRS symbols
· Only aperiodic additional SRS symbols
· Both aperiodic legacy and aperiodic additional SRS symbols within the same subframe
The association of the codepoint and one of the above is configured by RRC signalling. A separate codepoint will be supported for the case of no SRS triggering.

This can be interpreted so that DCI formats with 2-bit SRS request field are used for triggering SRS in additional symbols. Because of this the following DCI formats can be used to trigger SRS in additional symbols: 3B, 4, 4A, 4B and 7-0B. It could be discussed if some other DCI format can also be configured to trigger SRS in the additional symbols.

[bookmark: _GoBack]The usage of TPC command field in the DCI formats that can be used to trigger SRS in the additional symbols is already specified to include TPC of some other UL transmission, so some new method should be considered. A method could be that TPC commands for SRS in additional symbols are sent with DCI format 3/3A so that some of the TPC command fields in the DCI format 3/3A are configured to apply to SRS in the additional symbols.

Proposal 7: SRS in the additional symbols can be triggered with DCI formats 3B, 4, 4A, 4B and 7-0B.
· FFS if other DCI formats are also supported

Proposal 8: TPC commands for SRS transmissions in the additional symbols are sent with the DCI format 3/3A

3	Conclusions
In this contribution, we have discussed issues related to the introduction of additional SRS symbols to the normal UL subframes. We have the following proposals:

Proposal 1: UE drops SRS transmission in the additional symbols if the SRS collides with PRACH or PUCCH in the same slot in the same carrier.

Proposal 2: UE may assume that SRS in additional symbols is not triggered so that it collides with PUSCH in the same slot in the same carrier. 

Proposal 3: If SRS in additional symbols is transmitted in the different carrier than PRACH/PUSCH/PUCCH, then they can be transmitted simultaneously.

Proposal 4: Regardless of potential new UE capability indication related to guard period before antenna switching or frequency hopping, eNB can opt to configure or not configure guard period before AS or FH.

Proposal 5: Independent open loop power control parameters P0 and alpha for additional SRS symbols are configured UE specifically so that different UEs in the same cell can have different parameter values.

Proposal 6: All the SRS transmissions in additional symbols use power control loop that is independent from the legacy SRS PC. TPC commands for SRS in additional symbols are sent separately from the TPC of legacy SRS transmissions. 

Proposal 7: SRS in the additional symbols can be triggered with DCI formats 3B, 4, 4A, 4B and 7-0B.
· FFS if other DCI formats are also supported

Proposal 8: TPC commands for SRS transmissions in the additional symbols are sent with the DCI format 3/3A
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