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Introduction
In RAN1#98, the following was concluded, agreed or left for further discussion:
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

Additionally, in RAN1#97, the following was agreed:

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, RAN1 sent a LS to RAN4 in RAN1#96bis, requesting information about the RAN4 assumption on transient period due to intra-subframe frequency hopping or antenna switching of SRS, and received the following reply in R1-1907980:
•	The current TS 36.101 lists the transient period for power change and frequency hopping for SRS as -20 to +20 usec w.r.t symbol boundary. However, starting rel 15, transient period for power change and frequency hopping in general for sTTI (not specifically for SRS) has been reduced to -10 to +10 usec. For UEs supporting rel 15 and above it assumes that maximum duration of transient period for power change and frequency hopping for SRS is -20 to +20 usec. The same range could also be used for SRS Antenna hopping as well. 
•	However, some UEs may require smaller transient period than that mentioned above but no requirement for such UEs has been studied yet in RAN4.

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]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.
Power control for additional and legacy SRS symbols
The legacy SRS power control mechanism in LTE is defined by the expression:

 [dBm]
That is, the open-loop power control parameters  and  as well as the closed-loop PC state follows that of PUSCH. Since additional SRS symbols are introduced with the purpose of sounding the UL channel for DL CSI acquisition utilizing reciprocity, it was agreed that both independent open and closed-loop power control parameters are used for additional SRS symbol and legacy SRS/PUSCH, even if legacy SRS and additional SRS is present in the same subframe. Two issues remain to be solved:
1. If additional SRS and legacy SRS is present in the same subframe, but are transmitted with different power levels, there may be power ramping issues
2. There is only single TPC command in DCI, but if both legacy and additional SRS is triggered, there are two closed-loop control offsets. How should this be handled?
Regarding the first issue, likely a gap would be required so that additional SRS is not allowed to be transmitted in adjacent symbol to legacy SRS if the transmit power and/or bandwidths are substantially different, in order to not corrupt the legacy SRS. However, this should be decided by RAN4 and could be implemented as a scheduling restriction in RAN4 spec.
[bookmark: _Toc20996291][bookmark: _Toc21017446][bookmark: _Toc21098998]It is up to RAN4 to determine whether to require a gap between legacy and additional SRS symbols if there is a difference in transmit power
[bookmark: _Toc16510914]It has been agreed to re-use the Rel-15 DCI formats which can trigger SRS for the triggering of Rel-16 SRS by changing the interpretations of the codepoints of the SRS request field to enable triggering of both additional SRS symbols only, or joint triggering of additional and legacy SRS. 
In LTE, SRS transmission can be triggered by both DL assignments (e.g. DCI Formats 1A/2B/2C/2D) as well as UL grants (e.g. DCI formats 0/4). While the DL DCI formats include a TPC field for PUCCH power control, it cannot be used to change the closed-loop power level for the triggered SRS, while the UL DCI formats contain a TPC field used for changing the power control level for both PUSCH and SRS (since the same PC state is used). It is not advised to change the behavior of this TPC field, i.e. it should only apply to the PUSCH/legacy SRS power control loop and not be modified to alternatively or additionally apply to the additional SRS power control loop under certain conditions. Naturally, this should also apply to PUCCH/PUSCH TPC commands available via DCI Format 3/3A.
[bookmark: _Toc16510915]Additionally, DCI Format 3B can be used to send SRS TPC commands to multiple UEs. In our view, it is enough that the closed-loop power control offset for additional SRS symbols can be controlled by the TPC command carried by DCI Format 3B, no additional mechanism needs to be considered. That is, if the SRS request field of DCI Format 3B indicates triggering of additional SRS symbols only, the TPC command applies to the additional SRS power control offset. If both legacy and additional SRS is triggered, the TPC command applies to the legacy SRS (since it is proposed that the legacy SRS PC is used if the additional and legacy SRS symbols are present in the same subframe).
[bookmark: _Toc16852858][bookmark: _Toc20836707][bookmark: _Toc20996292][bookmark: _Toc21017447][bookmark: _Toc16510916][bookmark: _Toc16511000][bookmark: _Toc16511341][bookmark: _Toc16668482][bookmark: _Toc16774929][bookmark: _Toc16774953][bookmark: _Toc21098999]The TPC command in DCI formats carrying UL grant only impacts the closed-loop PC parameter of PUSCH/legacy SRS
[bookmark: _Toc16852859][bookmark: _Toc20836708][bookmark: _Toc20996293][bookmark: _Toc21017448][bookmark: _Toc21099000]Closed-loop PC of additional SRS symbols is only achieved when DCI Format 3B triggers only additional SRS symbols to the UE
Collision handling
In RAN1#98, the handling of collision between SRS and PUCCH/PUSCH/PRACH was discussed, but no consensus was reached. The following alternatives was left on the table after the online discussion:

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

The argument for Alt4 is that since additional SRS is only supported for aperiodic triggering, the eNB is in full control of the transmission occasion of the SRS and can by implementation avoid triggering an SRS that would collide with other UL transmission by the UE. The UE would then, if such a collision happens consider it an error case and the UE behaviour would be undefined.  The argument for Alt2A/2B is that since there is a delay between DCI triggering SRS and the SRS transmission (since SRS transmission only occurs in UE-specific subframe set), and that the TDD configuration likely is DL heavy with limited UL resources (perhaps only a single subframe), the pre-booking of these UL resources for SRS may limit eNB scheduling flexibly. For instance, there may arrive urgent DL data which required HARQ-ACK feedback on PUCCH in the pre-booked UL resource or urgent UL data which would require PUSCH transmission. In that case, the eNB could override its previous decision to schedule SRS in the limited UL resource and instead schedule PUCCH/PUSCH. While the use case may be valid, it is perhaps a corner case. 
[bookmark: _GoBack]Due to the limited time available for this WI in Rel-16, there is for sure no time to design a complex prioritization/dropping rule depending on e.g. the content of the colliding PUCCH or the CA configuration, as is done in existing specification for some cases. If a dropping rule is introduced, it should be very simple such as always dropping the entire SRS transmission if it collides with any other UL physical channel or signal. If such a dropping rule cannot be designed due to complications with e.g. corner cases with inter/intra-band CA, it is better to solve it via eNB implementation.
[bookmark: _Toc16774931][bookmark: _Toc16774955][bookmark: _Toc16852861][bookmark: _Toc20836709][bookmark: _Toc20996294][bookmark: _Toc21017449][bookmark: _Toc21099001]For the handling of collision of SRS and PUCCH/PUSCH/PRACH transmissions, support either Alt 2B with a very simple dropping rule or Alt4

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	It is up to RAN4 to determine whether to require a gap between legacy and additional SRS symbols if there is a difference in transmit power
Proposal 3	The TPC command in DCI formats carrying UL grant only impacts the closed-loop PC parameter of PUSCH/legacy SRS
Proposal 4	Closed-loop PC of additional SRS symbols is only achieved when DCI Format 3B triggers only additional SRS symbols to the UE
Proposal 5	For the handling of collision of SRS and PUCCH/PUSCH/PRACH transmissions, support either Alt 2B with a very simple dropping rule or Alt4
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