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In RAN1 #98bis meeting, it was agreed that:
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.
In this contribution, we discuss the remaining issues of additional SRS symbols in normal UL subframe.
Discussion
On handling of collision of SRS and PUCCH/PUSCH transmission
According to the conclusion in the RAN1 #98 meeting, sPUSCH and sPUCCH can be used to handle the collision between SRS and PUSCH/PUCCH. A remaining issue is whether to introduce sPUSCH and sPUCCH capability for Rel-16 UEs to enable sPUSCH and sPUCCH transmission in the SRS subframe. In our opinion, for Rel-16 UEs, the introduction of sPUSCH and sPUCCH capability is an efficient way to solve the collision caused by multi-symbol SRS transmission. It can also improve the spectrum efficiency of the UL transmission and reduce waste of resources. For now, sTTI is an optional feature bundle in Rel-15, detailed in the table below [1].


	Feature group
	Components
	Notes

	sTTI operation
	1) DL/UL configuration of stti length
2) sDCI monitoring in PDCCH and CRS based SPDCCH
3) Transmission of SPUCCH in formats 1, 3 and 4
4) Transmission of UL TM1 subslot/slot based PUSCH 
5) Configuration and decoding of CRS based subslot/slot based PDSCH incl. higher layer configured SPDCCH rate-matching mode
	Already agreed UE capability signaling: 
* different sTTI capabilities for different UL/DL sTTI length combinations and for each band of the reported band combinations. 
* UE capability is reported on skipping subframe processing to start processing slot/subslot PDSCH/PUSCH
* UE capability is reported on the maximum number of blind decodes in USS in one subframe for CCs configured with sTTI operation, including both legacy DCI formats and sDCI
* UE capability is reported on the supported processing timeline sets for subslot operation



As we can see from the table, in order to support Rel-15 UE capability associated with sPUCCH and sPUSCH, other functions such as sDCI and subslot/slot PDSCH would  also be involved, which are not needed for handling the collision with SRS. For the sake of simplicity and reduction of UE complexity, only component 3 and component 4 of sTTI feature is needed to be supported in Rel-16 UEs. Specifically, the sPUSCH/sPUCCH can be scheduled by ordinary DL/UL grant, instead of sDCI, where additional SRS is triggered by the ordinary DL/UL grant. In this way, there is no block of PDSCH/PUSCH transmission when additional SRS is needed to be triggered for better channel estimation.
Hence, we propose 
Proposal 1: Support introducing sPUSCH and sPUCCH capability for Rel-16 UEs to enable sPUSCH and sPUCCH transmission in the SRS subframe.
Proposal2: sPUSCH/sPUCCH can be scheduled by the UL/DL grant if additional SRS is triggered in the same subframe.

According to the agreement in the RAN1 #98 meeting, antenna switching across a subset of antenna ports in one subframe is not supported. When intra-subframe antenna switching and frequency hopping are configured, all 7 symbols in a slot would not be enough. For example, as shown in Figure 1, SRS symbols occupy the first 9 symbols of one subframe. In this case, the left 5 symbols (i.e., the 10th – 14th symbols) cannot be used and thus wasted even if slot-based sPUCCH/sPUSCH is supported. If sPUSCH/sPUCCH transmission in the second slot of the subframe is scheduled, there would be a collision in the 8th and 9th symbol. Therefore, the collisions of SRS and sPUCCH/sPUSCH needs to be considered. To address this problem, a simple and straightforward way is to delay or drop these overlapped SRS symbols for the next SRS transmission chance, i.e. the 8th and 9th SRS symbols in Figure 1.
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Figure 1: Partial collision of SRS and sPUSCH/sPUCCH
Proposal 3: UE should delay or drop partial SRS symbols that overlap with sPUSCH/sPUCCH in a subframe.


Details of repetition, frequency hopping and antenna switching for additional SRS symbols
In RAN1 #96bis meeting, it was agreed to support any combination of intra-subframe repetition, intra-subframe frequency hopping (FH) and intra-subframe antenna switching (AS) for aperiodic additional SRS transmission. When intra-subframe FH and AS are concurrently configured, there are two patterns from the perspective of the priority of FH and AS:
· Pattern A: FH first
· Pattern B: AS first
Pattern A is aligned with the working assumption in RAN1 #97 meeting while pattern B is another solution. From the agreement in RAN1 #97 meeting, a one symbol GP can be configured for FH and AS. In our understanding, there can be no transient period for frequency hopping via using a wider filter by the UE. However, for antenna switching, the transient period is always needed as the antennas need to be turned on or off. Therefore, the following two cases are considered: 
Case 1: One symbol GP is configured only for AS. For 1T4R with 2 hops FH, up to 13 symbols are configured for additional SRS transmission. As depicted in Figure 2(a), it takes 11 symbols for SRS transmission by pattern A. While in figure 2(b), the SRS transmission in a subframe is with incomplete pattern. The second SRS symbol in antenna port #3 is mission. Also, pattern A achieves less GP overhead than pattern B. 
[image: ]
                          (a) Pattern A                                                                               (b) Pattern B             
Figure 2: Intra-subframe SRS FH/AS pattern

Case2: One symbol GP is configured for both FH and AS. For 1T2R with 2 hops FH. As shown in Figure 3, pattern A and pattern B have the same GP overhead.
[image: ]
                                                          (a) Pattern A                                         (b) Pattern B             
Figure 3: Intra-subframe SRS FH/AS pattern
Therefore, considering the simplicity and low GP overhead, we propose
Proposal 4: Confirm the working assumption that when intra-subframe frequency hopping/repetition and intra-subframe antenna switching are concurrently configured, frequency hopping should be performed before antenna switching.

To implement the above working assumption in the specification, the equations of antenna switching can be revised to ensure that antenna switching is performed after frequency hopping while frequency hopping could maintains the legacy behaviors. In the current TS 36.211, for a UE, the instances (or the numbers) of frequency hopping could be calculated by    , where    is the total bandwidth for the UE to sound and  is the unit of each SRS transmission bandwidth. Thus, the index for antenna switching should keep the same for these frequency hopping time. Therefore, for the working assumption, the antenna switching can be performed by the following equations:
· 1T2R: 
· 1T4R: 
2T4R: , where  is the configured by higher layer parameter ue-TxAntennaSelection-SRS-2T4R-NrOfPairs
Proposal 5: For antenna switching with additional SRS configured with frequency hopping, the used antenna port is:
· 1T2R: 
· 1T4R: 
· 2T4R: , where  is the configured by higher layer parameter ue-TxAntennaSelection-SRS-2T4R-NrOfPairs

Details of independent closed-loop power control for additional SRS
In the last meeting, the formula that sets the additional SRS transmit power was agreed as below


where  is the additional SRS power control adjustment state and can be adjusted by the TPC in DCI format 3/3A/3B. Whether a TPC in UL/DL DCI can be also used for additional SRS was an FFS. 
SRS transmission can be triggered by both UL grants DCI (e.g. DCI formats 0/4) and DL grants DCI (e.g. DCI Formats 1A/2B/2C/2D). The TPC in UL DCI is used to change the value of  , which adjusts transmit power of PUSCH and legacy SRS. The TPC in DL DCI is used to change the value of , which adjusts transmit power of PUCCH and cannot be used to SRS. We discuss the TPC issues for additional SRS in two cases:
· Case1: Only additional SRS is triggered. 
If the TPC in UL/DL DCI is also applied to additional SRS, then PUCCH/PUSCH and additional SRS share the same power control adjustment state , which is not flexible and contrary to the independent power control principle for additional SRS.
· Case2: Both additional SRS and legacy SRS are triggered in the same subframe. 
If the TPC value in the DL/UL grants is applied to additional SRS, then the power control adjustment state  of additional SRS equals to  of legacy SRS/PUSCH/PUCCH. It means that the transmit power of legacy SRS and additional SRS is adjusted simultaneously with the same size, which is also contrary to the independent power control between legacy SRS and additional SRS. Therefore, to our understanding, the TPC in UL DCI shall not be applied to additional SRS.
Based on the above analysis, we have following proposal:
Proposal 6: The TPC value in the UL/DL grants DCI should not apply to the additional SRS.

In addition, in the email discussion of higher layer parameters for additional SRS [2], there were proposals that UE-specific SRS_offset parameter should be added or the range of UE-specific P_0 should be increased, in order to provide more flexibility for additional SRS power control. In our view, increasing the range of UE-specific P_0 is sufficient to provide more flexibility for additional SRS to enhance DL performance.  Thus, we propose that 
Proposal 7: The range of UE-specific P_0 is increased for additional SRS.

Conclusions
This contribution discusses the remaining issues of additional SRS symbols in normal UL subframes. We have the following proposals
Proposal 1: Support introducing sPUSCH and sPUCCH capability for Rel-16 UEs to enable sPUSCH and sPUCCH transmission in the SRS subframe.
Proposal2: sPUSCH/sPUCCH can be scheduled by the UL/DL grant if additional SRS is triggered in the same subframe.
Proposal 3: UE should delay or drop partial SRS symbols that overlap with sPUSCH/sPUCCH in a subframe.
Proposal 4: Confirm the working assumption that when intra-subframe frequency hopping/repetition and intra-subframe antenna switching are concurrently configured, frequency hopping should be performed before antenna switching.
Proposal 5: For antenna switching with additional SRS configured with frequency hopping, the used antenna port is:
· 1T2R: 
· 1T4R: 
· 2T4R: , where  is the configured by higher layer parameter ue-TxAntennaSelection-SRS-2T4R-NrOfPairs
Proposal 6: The TPC value in the UL/DL grants DCI should not apply to the additional SRS.
Proposal 7: The range of UE-specific P_0 is increased for additional SRS.
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