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Introduction
In RAN1#98bis, the following was agreed:
Agreement
If intra-subframe repetition, frequency hopping and/or antenna switching are configured simultaneously, repetition is performed before frequency hopping and/or antenna switching.

Agreement
For the setting of transmit power of additional SRS:



Agreement
For DCI format of TPC for additional SRS, at least DCI formats 3/3A/3B is supported
· For 3/3A, the TPC index for the additional SRS is configured by higher layer signalling
· For 3B, the RRC parameter for the starting position of the additional SRS is configured by higher layer signalling
· FFS: UL grants, DL grants

Agreement
For configuration of additional SRS: 
· Start position and number of symbols for additional SRS includes guard symbols if configured

Agreement
For the handling of collision of SRS and PUCCH/PUSCH/PRACH transmission for UEs not supporting sPUSCH/sPUCCH 
· UE is not expected to be triggered with SRS and PUCCH/PUSCH/PRACH on colliding subframes.

Agreement
The existing power headroom (PH) type 3 is reused for selectively reporting additional SRS or PUSCH-less SCell SRS.

Furthermore, the working assumption regarding order of frequency hopping and antenna switching when concurrently configured have not yet been confirmed or rejected:

Working Assumption
When intra-subframe frequency hopping/repetition and intra-subframe antenna switching are concurrently configured, frequency hopping should be performed before antenna switching.
Additionally, there is still an open issue of whether to support introduction of a standalone sPUCCH/sPUSCH capability.
In this contribution, we present our view on the remaining open issues.
Guard period for antenna switching
It has been agreed that a guard period of 1 OFDM symbol may optionally be configured when frequency hopping and/or antenna switching is applied for additional SRS symbols in normal UL subframe. Additionally, it was taken as working assumption that frequency hopping should be applied before antenna switching when they are both concurrently configured to apply within the same subframe. 
However, the sole motivation for the design choice according to the working assumption was that it was assumed that a GP symbol would be needed after antenna switching but not after frequency hopping, as is illustrated in Figure 1a). In that case, it makes sense to perform the frequency hopping first in order to minimize the number of GP symbols required. However, according to RAN4 LS reply, there is no differentiation with respect to the transient period required between frequency hopping and antenna switching.  Thus, the same GP may need to be applied after frequency hopping as well, according to Figure 1b). 
	

a) FH precedes AS with no GP after FH
	

b) FH precedes AS with GP after FH

	

c) AS precedes FH with GP after FH
	


Figure 1: Illustration of different SRS mapping strategies
Thus, given this assumption, the benefit with performing frequency hopping before antenna switching vanishes and instead it proves to be an inferior solution compared to first performing antenna switching and then frequency hopping, according to Figure 2c), since the phase drift between the channel of different antenna ports at a certain PRB is larger due to their larger time separation, which degrades the DL precoding derived from the SRS channel estimates. We summarize the best SRS pattern given a certain GP configuration in Table 1.

Table 1: Best SRS pattern given GP configuration for FH and AS
	Case
	GP after FH
	GP after AS
	Best SRS pattern

	1
	No
	No
	AS precedes FH

	2
	No
	Yes
	FH precedes AS

	3
	Yes
	No
	AS precedes FH

	4
	Yes
	Yes
	AS precedes FH



As can be seen, following the working assumption (FH precedes AS) is only beneficial for one out of the four cases of GP configuration. Furthermore, it has not been decided yet if RAN4 will introduce separate GP capability for FH and AS or if a joint capability is used, so it could potentially be so that no UE is capable of being configured with case 2.  Therefore, the working assumption should be rejected and AS should be performed before FH.
[bookmark: _Toc16668478][bookmark: _Toc16774925][bookmark: _Toc16774949][bookmark: _Toc16852854][bookmark: _Toc20836703][bookmark: _Toc20996290][bookmark: _Toc21017445][bookmark: _Toc21098997][bookmark: _Toc23769201][bookmark: _Toc24031823][bookmark: _Toc24122414]When intra-subframe frequency hopping/repetition and intra-subframe antenna switching are concurrently configured, antenna switching should be performed before frequency hopping. i.e. the working assumption at RAN1#97 is rejected.
Remaining issues on power control and PHR reporting
It has been agreed that TPC commands for additional SRS can be issued with DCI Formats 3/3A and 3B while it was left for further study whether to introduce functionality to issue TPC commands for additional SRS using UL/DL grants. Since the TPC command in UL and DL grants are used for PUSCH/legacy SRS and PUCCH respectively, it is not advisable to apply the same TPC commands also to additional SRS, since independent PC parameters are used. 
[bookmark: _Toc23769202][bookmark: _Toc24031824][bookmark: _Toc24122415]Do not support sending TPC commands for additional SRS symbols using other DCI formats than 3/3A/3B
It was furthermore agreed in RAN1#98bis that PHR Type 3 reports can be used to selectively report PHR for additional SRS or PUSCH-less SCell SRS. In our view, for a PUSCH-less SCell, it should be sufficient to configure either the legacy PUSCH-less SCell SRS or Rel-16 additional SRS, they do not need to be concurrently configured.
[bookmark: _Toc23769203][bookmark: _Toc24031825][bookmark: _Toc24122416]For PUSCH-less SCell, the UE can either be configured with legacy PUSCH-less SCell SRS or Rel-16 additional SRS, not both concurrently
Therefore, for a PUSCH-less SCell, there is only one SRS configured and only a single Type 3 PHR report.
[bookmark: _Toc23769204][bookmark: _Toc24031826][bookmark: _Toc24122417]For PUSCH-less SCell, the UE reports either Type 3 PHR for Rel-16 additional SRS or Type 3 PHR for legacy PUSCH-less SCell SRS
However, additional SRS can also be configured for a PCell or an SCell with PUSCH. Since the power control loop is independent for additional SRS, it makes sense to enable reporting of Type 3 PHR for additional SRS on PCell and SCell with PUSCH as well.
[bookmark: _Toc23769205][bookmark: _Toc24031827][bookmark: _Toc24122418]For PCell and SCell with PUSCH, support Type 3 PHR reporting for additional SRS. The details are left to RAN2.
[bookmark: _GoBack]
Conclusion
In this paper, we provide our views on some remaining issues of Rel-16 LTE SRS enhancements.  We make the following proposals:
Proposal 1	When intra-subframe frequency hopping/repetition and intra-subframe antenna switching are concurrently configured, antenna switching should be performed before frequency hopping. i.e. the working assumption at RAN1#97 is rejected.
Proposal 2	Do not support sending TPC commands for additional SRS symbols using other DCI formats than 3/3A/3B
Proposal 3	For PUSCH-less SCell, the UE can either be configured with legacy PUSCH-less SCell SRS or Rel-16 additional SRS, not both concurrently
Proposal 4	For PUSCH-less SCell, the UE reports either Type 3 PHR for Rel-16 additional SRS or Type 3 PHR for legacy PUSCH-less SCell SRS
Proposal 5	For PCell and SCell with PUSCH, support Type 3 PHR reporting for additional SRS. The details are left to RAN2.
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