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Introduction
The following agreements and conclusion on additional SRS symbols were made in RAN1#97 meeting [1]:
	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



This contribution provides Samsung’s views on the following topics.
· Guard period for frequency hopping and/or antenna switching
· Collision handling for SRS and PUCCH/PUSCH transmission
· Other details
Discussions
1 
2 
Guard period for frequency hopping and/or antenna switching
In [2], RAN4 recalled that transient period equal to or less than 20 usec had been used by TS 36.101. Figure 1 depicts SRS time mask for single and dual SRS in TS 36.101. Figure 1 shows that in the case of frequency hopping or a power change between SRS symbols, the duration for SRS ON power requirement can be properly adjusted by transient period between SRS symbols rather than introduce a guard symbol. Given that this mechanism have been applied for legacy UEs for a number of releases, inextinguishable guard period for frequency hopping and/or antenna switching in release 16 seems to be a too much restriction. Therefore, independent configuration on guard period that is not mandated by ON/OFF of SRS repetition is preferred and it will be up to eNB whether to use guard period or transient period for SRS frequency hopping, or antenna switching, or potential power change between SRS symbols.

Proposal 1. Guard period for frequency hopping and/or antenna switching can be configured regardless of intra-subframe repetition configuration.

[image: ]
Figure 1. SRS time mask for single and dual SRS in TS 36.101

Collision handling for SRS and PUCCH/PUSCH transmission
In RAN1#97 meeting, following four options were discussed:
· Alt1 (Use sPUSCH and/or sPUCCH): In this alternative, sPUSCH and/or sPUCCH capability for Rel-16 UEs is introduced to enable sPUSCH and/or sPUCCH transmission in the SRS subframe. However, introducing new UE capability on shortened PUSCH/PUCCH is out of the scope given that this proposal may force the non-sTTI UEs to implement shortened PUSCH/PUCCH, which is not aligned with the intention of WID. (WID description: Enhancements on PUCCH and PUSCH are not in scope.)
· Alt2 (UE drops or delays SRS transmission in the additional symbols if the SRS collides with PUCCH/PUSCH/PRACH in the same carrier): Alt2 proposes to drop or delay SRS transmission in the additional symbols if the SRS collides with PUCCH/PUSCH/PRACH in the same carrier. Given that the additional SRS will be aperiodic SRS, the motivation to trigger/allocate/configure additional SRS and PUCCH/PUSCH/PRACH in the same subframe is not that clear, if SRS should be dropped or delayed in such cases. 
· 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): Alt3 is an eNB implementation based solution for collision of additional SRS and PUCCH/PUSCH/PRACH, which is already supported without any new agreements on this issue. On the other hands, there will be no additional UE implementation burden for new behaviour on PUSCH/PUCCH by confirming Alt3, as originally intended by WID. Regarding interband-CA or intraband-CA cases, the simplest option will be the one for NR, i.e. to apply the same rule for intraband-CA and no restriction for interband-CA taking into account different assumptions on HW implementation for both cases.
· Alt4 (It is up to eNB/UE implementation): Similar assessments for Alt3 are available for Alt4.
Consequently, the following proposal is available based on the assessments above:
Proposal 2. Down-select one among Alt3 and Alt4 for collision handling for SRS and PUCCH/PUSCH transmission
· 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
· Alt4: It is up to eNB/UE implementation
Others
In this section, several clarifications on top of the previous agreements are proposed.
It is obvious that most of potential gain from additional SRS can be achieved by the agreed aperiodic SRS transmission in the additional SRS symbols while periodic channel reciprocity still can be obtained from the legacy SRS transmissions. Support of periodic SRS transmission in addition to the agreed aperiodic SRS transmission in the additional SRS symbols may induce more complex specification supports/UE implementations such as priority/dropping rules without any evidence on a clear benefit from it. Therefore, it would be good to focus on further details for aperiodic SRS transmission taking into account limited TU of this WI.
Proposal 3: Periodic SRS transmission in the additional SRS symbols is not supported in Rel-16.
· No new priority/dropping rules between aperiodic SRS and PUSCH/PUCCH in Rel-16.

Based on the discussions about trade-off between frequency-domain-first vs. antenna-domain-first channel acquisitions, the following working assumption was made in RAN1#97 meeting:
	Working Assumption
When intra-subframe frequency hopping/repetition and intra-subframe antenna switching are concurrently configured, frequency hopping should be performed before antenna switching.


In any case, the working assumption above would be beneficial for both gNB and UE implementations since it reduces possible numbers of SRS patterns when intra-subframe frequency hopping/repetition and intra-subframe antenna switching are concurrently configured. For more clarity, however, it is preferred to confirm the working assumption with following modification.
Proposal 4: Confirm the working assumption with following modification.
· When intra-subframe frequency hopping/repetition and intra-subframe antenna switching are concurrently configured, frequency hopping and/or repetition should be performed before antenna switching.

Regarding the agreements on the number of additional SRS symbols configured to a UE within a subframe, our understanding is that the configured SRS symbols for a UE should be adjacent to each other. The same condition should be kept even for SRS transmission across additional and legacy SRS symbols for ease of UE implementation. The only exception for this principle can be the gap for antenna switching or frequency hopping.

Proposal 5: UE expects to transmit SRS (including the gap for antenna switching or frequency hopping) over adjacent SC-FDMA symbols within a subframe.
3 
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Conclusions
9 
In this contribution, Samsung’s view on additional SRS symbols is presented. Consequently, the following observations and proposals are made:
Proposal 1. Guard period for frequency hopping and/or antenna switching can be configured regardless of intra-subframe repetition configuration.
Proposal 2. Down-select one among Alt3 and Alt4 for collision handling for SRS and PUCCH/PUSCH transmission
· 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
· Alt4: It is up to eNB/UE implementation
Proposal 3: Periodic SRS transmission in the additional SRS symbols is not supported in Rel-16.
· No new priority/dropping rules between aperiodic SRS and PUSCH/PUCCH in Rel-16.
Proposal 4: Confirm the working assumption with following modification.
· When intra-subframe frequency hopping/repetition and intra-subframe antenna switching are concurrently configured, frequency hopping and/or repetition should be performed before antenna switching.
Proposal 5: UE expects to transmit SRS (including the gap for antenna switching or frequency hopping) over adjacent SC-FDMA symbols within a subframe.
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