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1. Introduction
In this contribution, we focus on the following FFS issues for Rel-16 additional SRS: 
· UE capability of SRS power changes
· Transmission pattern for SRS AS/FH
· Symbol position for additional SRS
· sPUCCH/sPUSCH capability
· sPUSCH/sPUCCH transmission in SRS subframe
2. [bookmark: _Hlk510734227]UE capability of SRS Power Changes
UE may have power change limitation within a subframe on RF side, e.g., max number of power change, power difference per subframe. In LTE, legacy UEs are required to support 3 power changes in a subframe, e.g., PUSCH with FH+SRS, or PUCCH+SRS. Some UEs may have hardware limitations in the number of power changes in a given subframe. eNB should take into account the UE capability to apply power control for the SRS subframe satisfying power change requirement. The configuration of independent power control of additional SRS and legacy SRS, SRS AS and/or FH, resulting in multiple power change in a subframe, should not beyond UE capability.
Proposal 1: Configuration of intra-subframe SRS frequency hopping/antenna switching should consider the max number of subband changes/antenna changes/power changes.
· FFS whether max number of subband changes/antenna changes/power changes within a subframe is based on UE capability. 
3. Transmission pattern for SRS AS/FH
In previous RAN1 meeting, we have the following WA for SRS FH and AS:
Working Assumption
When intra-subframe frequency hopping/repetition and intra-subframe antenna switching are concurrently configured, frequency hopping should be performed before antenna switching.

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

So far, the transient period based on RAN4 is same for SRS FH and SRS AS [2]. Based on this, there may not be any special reasons to always prioritize FH before AS. In legacy LTE, SRS FH and AS are concurrently performed on SRS symbols, including multiple SRS symbols in UpPTS. RAN1 sent LS to RAN4 [3] about the UE capability related with guard period for SRS FH/AS. Unless RAN4 replied that it is feasible to introduce the separate UE capability not requiring guard symbol for SRS FH and AS, we propose to keep the same SRS FH/AS pattern as legacy SRS.

Proposal 2: If separate UE capability not requiring guard symbol for SRS FH and AS is not introduced, apply same configuration of guard symbol for both SRS FH/AS and reuse concurrent SRS FH/AS pattern same as legacy SRS
If it is feasible to introduce two capabilities: one for frequency hopping and another for antenna switching, network can decide the transmission pattern for SRS FH/AS based on the information. For example, we assume SRS 1T2R with antenna ‘1,2’ is sent on subband #A and ‘1,2’ is sent on subband #B. The 1-symbol gap ‘x’ is needed for every antenna switch if guard symbol for SRS AS is ‘on’, e.g., GS_AS=on. The 1-symbol gap ‘x’ is needed for every frequency hop if guard symbol for SRS FH is ‘on’, e.g., GS_FH=on.
The transmission pattern for SRS FH/AS, depending on the configuration, illustrated as
· GS_FH=off, GS_AS=off: 1, 2, 2, 1 (concurrent FH/AS, based on legacy)
· GS_FH=on, GS_AS=on: 1, x, 2, x, 2, x, 1 (concurrent FH/AS, based on legacy)
· GS_FH=off, GS_AS=on: 1, 1, x, 2, 2 (FH before AS, based on WA)
· GS_FH=on, GS_AS=off: 1, 2, x, 1, 2 (AS before FH)

Proposal 3: If separate UE capability of not requiring guard symbol for SRS FH and AS is introduced,
· FH is performed before AS when no guard symbol is configured for SRS FH but guard symbol is configured for SRS AS. 
· AS is performed before FH when no guard symbol is configured for SRS AS but guard symbol is configured for SRS FH. 
· FH and AS are performed concurrently same as legacy SRS when no guard symbol or guard symbol is configured for both SRS FH and AS.


4. Symbol position for additional SRS
So far we have agreed:
Agreement
For configuration of additional SRS: 
Start position and number of symbols for additional SRS includes guard symbols if configured 
Agreement
For aperiodic SRS transmission, any combination of the following features can be simultaneously configured
· Intra-subframe antenna switching 
· At least antenna switching across all antenna ports is supported
· FFS: Antenna switching across a subset of antenna ports
· Intra-subframe frequency hopping
· Intra-subframe repetition
FFS: Whether above applies at the additional SRS symbols only or for legacy SRS symbols as well

In the RAN1 email discussion for RRC parameters and CR for TS36.211, we have some discussion on whether start+duration of additional SRS is sufficient for UE to know the location of additional SRS symbols. The key parameters include:
· Duration including SRS and guard symbols: N=1~13.
· Repetition number: R=1, 2, 3, 4, 6, 7, 8, 9, 12, 13
· Guard symbol for SRS AS: GSAS=off or on 		no indication yet
· Guard symbol for SRS FH: GSFH=off or on 		no indication yet
· Number of antenna switching on additional SRS: NAS=2, 3, 4, [6, 8, 9, 12]	not clear yet
· One whole set of SRS 1T2R, 1T4R, 2T4R with 2 or 3 pairs requires N_AS=2, 3 or 4.
· However, current agreements may allow more than one whole set of SRS AS within a subframe, e.g., for SRS 1T2R, antenna pattern “1, 2, 1, 2, 1, 2” using NAS=6, or 1T4R, antenna pattern “1, 2, 3, 4, 1, 2, 3, 4? over NAS=8, etc.. 
· Number of frequency hopping on additional SRS: NFH=1,2,…13	 		not clear yet 
·  implicitly means FH is ‘ON’ and the number of subbands is K=2, 3, 4, 5, 6, 8, 9, 10, 12, 15, 16, 18, 20, or 24 based on TS36.211.
· It is possible to have a subset, one or more than one whole set of subbands for intra-subframe SFS FH starting from the subband indicated by .

Regarding NAS, we think it is reasonable to limit only one whole set of SRS antennas for intra-subframe SRS AS. For example, for SRS 1T2R, instead of using NAS=6 and R=1 to have antenna pattern “1, 2, 1, 2, 1, 2”, it is more reasonable to set NAS=2 and R=3 for antenna pattern “1, 1, 1, 2, 2, 2”. 
Therefore, for NAS, we propose

Proposal 4: Number of antenna switching on additional SRS is defined as:
· 2 if SRS AS 1T2R or 2T4R with 2 antenna pairs is configured 
· 3 if SRS AS 2T4R with 3 antenna pairs is configured
· 4 if SRS AS 1T4R is configured

When SRS repetition/AS/FH are configured, the duration N is dependent on R, NAS, NFH, GSAS, GSFH as well as the FH/AS pattern. Table 1 illustrates all the valid N (within 1~13) for additional SRS. 
· If GSFH=GSAS=GS, use concurrent FH/AS 
· N=R*NAS*NFH+ (NAS*NFH*GS-1)*GS
· Otherwise, use FH before AS if GSFH=off, GSAS=on or AS before FH if GSFH=on, GSAS=off
· N=R*NAS*NFH+( NAS*GSAS-1)*GSAS+(NFH*GSFH-1)*GSFH

Table 1 N for additional SRS
	SRS FH and AS pattern
	Concurrent FH/AS
	FH before AS
	AS before FH

	R
	NAS
	NFH
	GSAS=GSFH=GS=off
	GSAS=GSFH=GS=on
	GSAS=on
GSFH=off
	GSAS=off
GSFH=on

	1
	2
	1
	2
	3
	-
	-

	
	
	2
	4
	7
	5
	5

	
	
	3
	6
	11
	7
	8

	
	
	4
	8
	-
	9
	11

	
	
	5
	10
	-
	11
	-

	
	
	6
	12
	-
	13
	-

	
	3
	1
	3
	5
	-
	-

	
	
	2
	6
	11
	8
	7

	
	
	3
	9
	-
	11
	11

	
	
	4
	12
	-
	-
	-

	
	4
	1
	4
	7
	-
	-

	
	
	2
	8
	-
	11
	9

	
	
	3
	12
	-
	-
	-

	2
	2
	1
	4
	5
	-
	-

	
	
	2
	8
	11
	9
	9

	
	
	3
	12
	-
	13
	-

	
	3
	1
	6
	8
	-
	-

	
	
	2
	12
	-
	-
	13

	
	4
	1
	8
	11
	-
	-

	3
	2
	1
	6
	7
	-
	-

	
	
	2
	12
	-
	13
	13

	
	3
	1
	9
	11
	-
	-

	
	4
	1
	12
	-
	-
	-

	4
	2
	1
	8
	9
	-
	-

	
	3
	1
	12
	-
	-
	-



Observation:
· If no feedback from RAN4, we don’t need separate configuration of guard symbol for FH and AS. The concurrent FH/AS of legacy SRS is reused as Proposal 2. 
· By knowing NAS, different N corresponds to different NFH and GS, indicating the pattern and guard symbol location (for every antenna switch/frequency hop if configured)
No need additional signalling beyond the start+duration of additional SRS.

· If RAN4 can introduce separate UE capability not requiring guard symbol for SRS FH and AS, the pattern for SRS FH and AS is configurable as Proposal 3.
· By knowing NAS, same N may have different NFH. For example, N=7, N=8, and N=11 for R=1 and NAS=2 (SRS 1T2R or 2T4R with 2 pairs). 
· Explicit indication of NFH for additional SRS requires 3bits. But even for same NFH, the pattern is not uncertain in some cases, e.g., N=5, 9, 11, 13 in Table 1 due to NFH=NAS but different GSAS and GSFH, leading to uncertain SRS patterns.
Need 2bits to indicate guard symbol for SRS AS and SRS FH respectively

In case of SRS FH only, it is possible to support NFH=1~13 for additional SRS.If SRS AH and FH are both configured, NFH=1, 2, 3, 4, 5, or 6 as shown in Table 1. UE can use the other parameter N, R, NAS, GSAS, GSFH to derive NFH with no confusion.

Therefore, we propose
Proposal 5: If separate UE capability of not requiring guard symbol for SRS FH and AS is introduced, use 2 bits to indicate guard symbol for SRS AS and SRS FH, respectively.

5. sPUCCH/sPUSCH capability
In RAN1#98 meeting, we have following conclusion:
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.
So far, there is following discussion on sTTI capability for supporting sPUSCH/sPUCCH. 
· sTTI capability for sPUSCH/sPUCCH includes also short processing time, which is not needed to multiplex with additional SRS in same subframe We limit a new UE capability of up to one sPUSCH/sPUCCH in a subframe without change of processing time.
· sPUSCH/sPUCCH in sTTI requires sTTI-DCI for scheduling flexible location of sPUSCH/sPUCCH, which is not needed here. In order to transmit additional SRS and sPUSCH/sPUCCH with no overlapping, we can limit the slot-based sPUSCH/sPUCCH transmitted in the 1st slot of the UL subframe for A-SRS and the 2nd slot is used for additional SRS and legacy SRS. The legacy DL/UL grant is sufficient to schedule sPUSCH/sPUCCH in 1st slot of a SRS subframe. 
sTTI capability is a package of multiple requirements. For motivation of improving spectrum utilization for a high percentage of non-sTTI UEs, we propose to introduce the capability of sPUSCH/sPUCCH, independent from the sTTI capability.
Proposal 6: Introduce a new UE capability to support a sPUSCH/sPUCCH transmission in 1st slot of a A-SRS subframe for the same CC or intra-band CC.

6. sPUSCH/sPUCCH transmission in SRS subframe
In legacy LTE, the last symbol in a UE-specific SRS subframe is always counted for PUSCH/PUCCH rate matching, even when the SRS request field in a UL/DL grant is ‘00’, i.e., no type 1 SRS transmission. In UL subframes configured for potential A-SRS, legacy shortened 13-symbol PUSCH/PUCCH is used to avoid the interference to other UE’s SRS transmission at eNB receiver side.
[image: ]
Figure 3 PUSCH/PUCCH transmission in UL subframe of legacy A-SRS

Now we have agreed to configure UE-specific subframes for A-SRS transmission on legacy SRS symbol and/or additional SRS symbols. 
For the UEs who are not capable of sPUSCH/sPUCCH, UEs can only send legacy shorted PUSCH/PUCCH when scheduled. In order to avoid interference between SRS and PUSCH/PUCCH between different UEs, eNB may have to avoid scheduling PUSCH/PUCCH UE in UL A-SRS subframes.
For the UEs who are capable of sending sPUSCH/sPUCCH, we need to discuss whether/how to send sPUSCH/sPUCCH in UL subframe with A-SRS. For example, the UEs are capable of sending slot-based sPUSCH/sPUCCH in TDD.

In Figure 4, we illustrate two UEs: 
· UE0 may be triggered to send additional SRS and legacy SRS in UL subframe for A-SRS (Case 1), legacy SRS only (Case 2), no SRS (Case 3).
· UE1, additional and legacy SRS is not triggered, i.e., DCI SRS request field=‘00’.

There are several options for discussion:
· Opt1: Use legacy shortened PUSCH RM without overlapping with legacy SRS (13-symbol PUSCH)
· May result in strong interference between additional SRS and PUSCH sent by different UEs (Case 1)
· Not waste resources if additional SRS is not transmitted by other UEs (Case 2&3)
· Opt2: Use slot-based sPUSCH without overlapping with additional SRS and legacy SRS (1st slot sPUSCH)
· Avoid interference between additional SRS and PUSCH sent by different UEs (Case 1)
· But waste resources if additional SRS is not transmitted by other UEs (Case 2&3)
· Opt3: Dynamic use legacy shortened PUSCH and slot-based sPUSCH indicated by eNB
· Avoid interference between additional SRS and PUSCH sent by different UEs (Case 1)
· Not waste resources if additional SRS is not transmitted by other UEs (Case 2&3)
[image: ]
Figure 4 PUSCH/PUCCH transmission in UL subframe of new and legacy A-SRS

Opt1 may result in strong interference to UCI in sPUSCH/sPUCCH. Considering limited UL resources in some TDD configuration, Opt2 is not preferred due to 50% utilization in the UL A-SRS subframes. Relative to Opt1 and Opt2, Opt3 is a way to avoid mutual interference without wasting resources. Therefore, we propose Opt3 based on DCI indication even when additional SRS is not triggered. 

Proposal 7: For UE capable of sPUSCH/sPUCCH, support dynamic indication of using sPUSCH/sPUCCH in a subframe configured for additional SRS symbols, regardless of whether SRS is triggered or not.
Another related issue is the power control of PUSCH/PUCCH. When the shortened PUSCH/PUCCH carry UCI (e.g., HARQ-ACK, RI, PMI/CQI), power boosting is defined for legacy PUSCH/PUCCH power control by assuming one SRS symbol. If additional SRS symbols are configured, the adjustment is needed based on the sPUSCH/sPUCCH.

Proposal 8: Adjust power boosting for sPUSCH/sPUCCH conveying UCI in a subframe with additional SRS symbols.
7. Summary
The proposals made in this contribution are summarized below.
Proposal 1: Configuration of intra-subframe SRS frequency hopping/antenna switching should consider the max number of subband changes/antenna changes/power changes.
· FFS whether max number of subband changes/antenna changes/power changes within a subframe is based on UE capability. 
[bookmark: _GoBack]Proposal 2: If separate UE capability not requiring guard symbol for SRS FH and AS is not introduced, apply same configuration of guard symbol for both SRS FH/AS and reuse concurrent SRS FH/AS pattern same as legacy SRS
Proposal 3: If separate UE capability of not requiring guard symbol for SRS FH and AS is introduced,
· FH is performed before AS when no guard symbol is configured for SRS FH but guard symbol is configured for SRS AS. 
· AS is performed before FH when no guard symbol is configured for SRS AS but guard symbol is configured for SRS FH. 
· FH and AS are performed concurrently same as legacy SRS when no guard symbol or guard symbol is configured for both SRS FH and AS.

Proposal 4: Number of antenna switching on additional SRS is defined as:
· 2 if SRS AS 1T2R or 2T4R with 2 antenna pairs is configured 
· 3 if SRS AS 2T4R with 3 antenna pairs is configured
· 4 if SRS AS 1T4R is configured

Proposal 5: If separate UE capability of not requiring guard symbol for SRS FH and AS is introduced, use 2 bits to indicate guard symbol for SRS AS and SRS FH, respectively.

Proposal 6: Introduce a new UE capability to support a sPUSCH/sPUCCH transmission in 1st slot of a A-SRS subframe for the same CC or intra-band CC.

Proposal 7: For UE capable of sPUSCH/sPUCCH, support dynamic indication of using sPUSCH/sPUCCH in a subframe configured for additional SRS symbols, regardless of whether SRS is triggered or not.

Proposal 8: Adjust power boosting for sPUSCH/sPUCCH conveying UCI in a subframe with additional SRS symbols.
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