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1 	Introduction
In the RAN1#97 meeting discussion on introduction of additional SRS symbols continued and the following agreements, conclusions and working assumptions were made and issues requiring further study were identified:

Agreement
A guard period can be configured for frequency hopping and antenna switching of additional SRS symbols.
· If guard period is configured, it is 1 OFDM symbol
· FFS: Guard period for frequency hopping and/or antenna switching is always configured when intra-subframe repetition is not configured,

Working Assumption
When intra-subframe frequency hopping/repetition and intra-subframe antenna switching are concurrently configured, frequency hopping should be performed before antenna switching.

Conclusion
Legacy SRS symbols follow the legacy configuration

Agreement
Aperiodic additional SRS can only be triggered for transmission in any subframe belonging to the legacy UE-specific SRS subframe configuration

Agreement 
At least for the case where there no legacy SRS transmission on the subframe, at least independent open loop power control of additional SRS symbols from legacy SRS symbols is supported.
· Further study the power control for SRS symbols when additional and legacy SRS symbols are transmitted in the same subframe.
· FFS: independent closed loop

Agreement
For the sequence generation of additional SRS symbols:






where  is the absolute symbol index within the slot  and Nsymb is the number of OFDM symbols per slot.
· FFS: c_init

Agreement
For the handling of collision of SRS and PUCCH/PUSCH transmission, downselect from the following in RAN1#98
· Alt1: Use sPUSCH and/or sPUCCH
· Introduce sPUSCH and/or sPUCCH capability for Rel-16 UEs to enable sPUSCH and/or sPUCCH transmission in the SRS subframe.
· Multiplexing of sTTI on same subframe and same PRBs with additional SRS on symbols where SRS is not transmitted is supported
· Alt2: UE drops or delays SRS transmission in the additional symbols if the SRS collides with PUCCH/PUSCH/PRACH in the same carrier
· Choose between drop and delay
· Alt3: UE does not expect to be triggered with aperiodic SRS in the additional symbols of the SRS collides PUCCH/PUSCH/PRACH in the same carrier
· FFS: Collision on interband-CA, intraband-CA
· Alt4: It is up to eNB/UE implementation

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.

[bookmark: _GoBack]In this contribution we discuss further details related to the introduction of SRS in additional symbols.

2 	Discussion
2.1 The order of antenna switching and frequency hopping
In the RAN1#97 meeting it was agreed that guard period of 1 OFDM symbol can be configured for frequency hopping and antenna switching. It was concluded that further study is needed to conclude whether the guard period should always be used with antenna switching and frequency hopping. According to the LS from RAN4 [2], transient periods for power change and frequency hopping are allowed to be up to +/-20us and for antenna switching the same value can be used. They also point out that for sTTI capable UEs the transient period range has been reduced to +/- 10us and there can be UEs that require smaller transient periods. Transient periods can reduce the quality of SRS signal. When guard period is used before and after the SRS transmission, transient period takes place outside the actual SRS symbol. We think that it should be up to eNB to decide whether guard period is configured or not for antenna switching or frequency hopping.
Proposal 1: eNB can configure guard period for frequency hopping and antenna switching. It is not mandatory to always have guard period when frequency hopping or antenna switching takes place.

In the RAN1#97 meeting working assumption was made so that frequency hopping should be performed before antenna switching if both are configured concurrently. It seems that the motivation for such a restriction is that guard or transient period for antenna switching is assumed to be larger than the transient period needed for frequency hopping. However, according to the LS from RAN4 [2] the transient periods can be assumed to be the same for frequency hopping and antenna switching. Therefore, the benefit of restricting the order is not clear.

Proposal 2: The working assumption stating that frequency hopping should be performed before antenna switching when they are concurrently configured, is not agreed. The transmission order between antenna switching and frequency hopping is not specified in the standard.

[bookmark: _Hlk16920176]2.2 Collision of SRS and PUCCH/PUSCH transmissions
In the RAN1#97 meeting four alternatives were listed to solve the problem of collision of additional SRS and PUCCH/PUSCH transmissions. It should be noted that if PUCCH carrying HARQ-ACK needs to be dropped then the corresponding DL transmission is also wasted. This operation cannot be considered as DL-MIMO enhancement.
The first alternative in the list is to use sPUSCH and sPUCCH to enable additional SRS and PUSCH/PUCCH transmissions in the same subframe. We think that sTTI operation together with additional SRS symbols can be supported so that sPUCCH/sPUSCH is transmitted in one of the slots of the subframe and additional SRS is transmitted in the other slot. However, we think that current sPUCCH/sPUSCH operation should not be modified e.g. so that sPUCCH HARQ-ACK timeline is changed.

Proposal 3: Changes to the legacy sPUSCH/sPUCCH transmissions are not introduced. SRS in additional symbols can be transmitted also in sTTI.

The second alternative is that UE drops or delays SRS transmission in additional symbols if the SRS collides with PUCCH/PUSCH/PRACH. We think delaying of SRS transmissions can result in quite complicated operation both in UE and eNB, so it should not be considered. Regarding dropping, we think that it is not needed in the case that additional SRS symbols are aperiodically triggered. If periodic SRS in additional symbols is supported, then we propose to define dropping rules for collision of SRS and PUCCH/PUSCH/PRACH. This rule can be very simple mandating UE to drop additional SRS if it collides with other UL transmission. RAN1 has not yet decided if periodic SRS in additional symbols is supported. We think that periodic SRS should be supported.

Proposal 4: Periodic SRS transmission in additional symbols is supported. If periodic SRS in additional symbols collides with PUCCH/PUSCH/PRACH in the same carrier, SRS is dropped.
The third alternative that is related to aperiodic SRS transmission proposes eNB to avoid collisions with other UL transmissions when triggering SRS. We agree that eNB should not trigger aperiodic SRS if it collides with PUCCH/PUSCH. For PRACH transmission eNB may not always be aware of potential collision and in this case, UE could prioritize PRACH over aperiodic SRS. Regarding CA operation, legacy SRS dropping rules could be applied so that simultaneous SRS in additional symbols and PUSCH/PUCCH is supported if SRS is in the carrier that belongs to different TAG or if SRS is in the carrier that is not used for PUCCH/PUSCH.
Proposal 5: For aperiodic SRS in additional symbols, UE may assume that the SRS does not collide with PUCCH/PUSCH in the same carrier. For CA, simultaneous SRS and PUCCH/PUSCH is supported according to legacy SRS dropping rules. If aperiodic SRS collides with PRACH, UE can drop SRS and transmit PRACH. 

The fourth alternative proposes to leave collision handling to eNB/UE implementation. We think that legacy rules for SRS transmission should be used as much as possible. For example, the operation where UE drops PUCCH and transmits SRS is not acceptable. We think that additional specification effort related to collision handling is small and some details may be left up to UE/eNB implementation. RAN1 should discuss and agree UE behaviour for different collision cases. 

2.3 Power control of SRS in additional symbols
[bookmark: _Hlk16858072]The new SRS in additional subframes can be used to improve 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 and 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 conditions for different UEs in the cell, independent power control for SRS in additional symbols is beneficial. In the last 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 do repetitions of SRS symbols and some that don’t repeat SRS in the same cell, and it should be possible to support different power level for those SRS transmissions at the eNB receiver.

Legacy SRS power control uses PUSCH TPC commands for the closed loop control, if there are PUSCH/PUCCH transmissions in the same carrier. If the carrier is not configured for PUSCH/PUCCH transmissions, independent closed loop power control commands are used. We think that the same approach is sufficient for SRS in additional symbols.

Proposal 6: 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 7: For closed loop power control commands for SRS in additional symbols, legacy operation is used: if the cell is not configured for PUSCH/PUCCH transmission, independent closed loop commands are used; otherwise power control commands of PUSCH are used.
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: eNB can configure guard period for frequency hopping and antenna switching. It is not mandatory to always have guard period when frequency hopping or antenna switching takes place.

Proposal 2: The working assumption stating that frequency hopping should be performed before antenna switching, when they are concurrently configured, is not agreed. The transmission order between antenna switching and frequency hopping is not specified in the standard.

Proposal 3: Changes to the legacy sPUSCH/sPUCCH transmissions are not introduced. SRS in additional symbols can be transmitted also in sTTI.
Proposal 4: Periodic SRS transmission in additional symbols is supported. If periodic SRS in additional symbols collides with PUCCH/PUSCH/PRACH, SRS is dropped.

Proposal 5: For aperiodic SRS in additional symbols UE may assume that the SRS does not collide with PUCCH/PUSCH in the same carrier. For CA, simultaneous SRS and PUCCH/PUSCH is supported according to legacy SRS dropping rules. If aperiodic SRS collides with PRACH, UE can drop SRS and transmit PRACH. 

Proposal 6: 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 7: For closed loop power control commands for SRS in additional symbols, legacy operation is used: if the cell is not configured for PUSCH/PUCCH transmission, independent closed loop commands are used; otherwise power control commands of PUSCH are used.
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