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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 #98 meeting, it was agreed that:
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
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

In addition, the following conclusion and FFS are also discussed.
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

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 last meeting, sPUSCH and/or sPUCCH can be used to handle the collision between SRS and PUSCH/PUCCH. An FFS is whether to introduce sPUSCH and/or sPUCCH capability for Rel-16 UEs to enable sPUSCH and/or sPUCCH transmission in the SRS subframe. In our opinion, for Rel-16 UEs, the introduction of sPUSCH/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. sTTI is an optional feature bundle in Rel-15. For the sake of simplicity, only sPUSCH/sPUCCH feature need be supported in Rel-16 UEs. Also, sPUSCH/sPUCCH capability can be introduced by RAN2 and has no RAN1 spec impact. Hence, we propose 
Proposal 1: Support introducing sPUSCH and/or sPUCCH capability for Rel-16 UEs to enable sPUSCH and/or sPUCCH transmission in the SRS subframe.

According to the agreement in the last 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. That is to say, the collisions of SRS and sPUCCH/sPUSCH needs to be considered. To address this problem, a simple and straightforward way is to delay these overlapped SRS symbols for the next SRS transmission chance, i.e. the 8th and 9th SRS symbols in Figure 1.
  [image: ]          
Figure 1: Partial collision of SRS and sPUSCH/sPUCCH
Proposal 2: UE should delay partial SRS symbols that overlap with sPUSCH/sPUCCH in a subframe.

For those UEs that are not supporting sPUSCH/sPUCCH, four alternatives were proposed in the last meeting to deal with the collision problem.
Alt2A/2B: UE delays/drop SRS transmission
For Alt2A/2B, the UE delays/drops SRS transmission in the additional symbols when it collides with PUCCH/PUSCH/PRACH. It means that the priority of PUCCH/PUSCH/PRACH is higher than SRS. The delayed/dropped SRS needs to be retransmitted to make sure the whole bandwidth of all antennas can be sounded. For the delay case (Alt2A), the delayed SRS transmission does not need to be triggered by a new DCI, so DCI overhead is saved. Correspondingly for the drop case (Alt2B), the dropped SRS requires a new DCI to trigger. Otherwise, the channel of collision SRS parts for UE’s antennas and subbands would not be sounded and acquired by the eNB, which consequently degrade the performance. Thus, from the perspective of DCI overhead and DL performance, Alt2A to delay the SRS transmission should be supported. 
Alt3: UE does not expect to encounter the collision
For Alt3, the eNB does not trigger the UE to transmit additional aperiodic SRS in the carrier that collides with PUCCH/PUSCH/PRACH. The problem is that in some cases, the collision cannot be avoided by scheduling. For example, after an additional SRS is triggered, if an urgent downlink packet arrives and needs to be scheduled promptly, there will be a collision between the additional SRS and the PUCCH carrying ACK/NACK to the urgent PDSCH. If an urgent uplink packet needs to be scheduled after an additional SRS is triggered, there will be a collision between the additional SRS and the urgent PUSCH.
Alt4: It is up to eNB implementation
This solution may cause confusion in collision handling, especially when multiple UEs need to transmit SRS and PUSCH/PUCCH/PRACH in the same subframe. Because the wrong behavior of one UE will affect all other UEs in the subframe and cause interference between uplink transmissions.
Proposal 3: Alt2A is supported to handle the collision of additional SRS and other uplink transmission for UEs not supporting sPUSCH/sPUCCH:
· Delay time can be pre-defined by spec or determined by eNB.
 
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.

Details of independent closed-loop power control for additional SRS
It has been agreed in the last meeting that independent closed-loop power control of additional SRS from legacy SRS is supported. In LTE Rel-14, the power control of SRS for carriers without PUCCH/PUSCH was specified to achieve independent power control from legacy SRS and the decoupling from PUSCH as in section 5.1.3.1 of 36.213:


The setting of the UE Transmit power for the SRS transmitted on subframe i for serving cell  is defined by: 

for serving cell  with frame structure type 2, and not configured for PUSCH/PUCCH transmission

 [dBm]
Obviously, reusing such design for Rel-16 additional SRS is a simple and straightforward way to achieve independent power control. To this end, the higher layer parameters ,  and,  can be independently configured for SRS and PUSCH. Accordingly, the power of SRS transmission can be determined by

 [dBm]     (Eq. 1)




where  is a parameter composed of the sum of a component  which is p0-Nominal-additionalSRS provided from higher layers for m=1 and a component  which is p0-UE-AdditionalSRS provided by higher layers for m=1 for serving cell . For SRS transmission given trigger type 0,m=0 and for SRS transmission given trigger type 1,m=1. Since the number of SRS repetitions is UE specific, we think that it should be discussed if power control parameter p0-Nominal-additionalSRS could be UE specific or if the range of UE specific p0-UE-additionalSRS is increased.
Therefore, we propose
[bookmark: OLE_LINK26]Proposal 5: Re-use the power control mechanism defined for carriers without PUSCH/PUCCH.

The TPC carried in Rel-15 DCI formats are summarized in Table 1. They are discussed below considering the transmit power adjustment of additional SRS. 
Table 1. Legacy TPC signaling and usage
	TPC in the DCI
	TPC Usage

	In UL grants
	PUSCH

	In DL grants
	PUCCH

	In DCI format 3/3A
	PUCCH and PUSCH

	In DCI format 3B
	SRS



1) The TPC of DCI format 3B is to indicate power adjustment of SRS on the carrier without PUSCH/PUCCH configuration. Such design and the power control formula (Eq. 1) can be easily reused for the additional SRS and the specification impact is very minimal. The current specification can be enhanced by extending DCI format 3B for carrier with or without PUSCH/PUCCH scenarios.
2) The TPC of the DCI format 3/3A are used to adjust transmit power of PUSCH or PUCCH, with tpc-Index configured to determine the index to the TPC command. As independent power control of additional SRS has been agreed to be supported, then a separate tpc-Index for additional SRS can be configured. 
3) The TPC of the UL grants is used to adjust transmit power of PUSCH. There are two cases:
· Case 1: The aperiodic additional SRS is triggered. As additional SRS is triggered, the TPC value in the corresponding DCI applies to both the additional SRS and PUSCH. Note that the power control equation of the additional SRS is still used (Eq. 1), i.e. the TPC in UL grants also apply to .
· Case 2: Additional SRS is not triggered. In this case, as no additional SRS is to be transmitted, then TPC in the UL grants do not apply to additional SRS 
4) For the DL grant, the TPC value can be used for PUCCH as no additional SRS and PUCCH may have different SINR targets.
Based on the above analysis, format 3/3A can be used for close loop power control of additional SRS when an additional TPC index is configured. Thus we have following proposal:
Proposal 6: The TPC value in the DCI format 3/3A applies to the additional SRS if the additional SRS is triggered, and a tpc-index for additional SRS is configured. FFS 0B.
Proposal 7: The TPC value in the UL/DL grants DCI applies to the additional SRS if additional SRS is triggered only.

In addition, in the email discussion of higher layer parameters for additional SRS [1], 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 increase the ability of eNB to configure the 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 8: The range of UE-specific P_0 is increased for additional SRS. FFS the value range.

In the RAN1 #95 and #96 meeting, it was agreed to support that UE can transmit legacy SRS and additional SRS symbols in the same subframe. However, legacy SRS and additional SRS often have different power due to different parameters such as bandwidth. When the additional SRS symbol is directly adjacent to the legacy SRS symbol in the time domain, power hopping occurs due to the difference in power between the two kinds of SRS symbols, which causes the legacy SRS signal transmitted immediately after the additional SRS to be distorted. It is noteworthy that such GP configuration also requires a flexible way to indication way for GP and SRS symbols. 
To address this problem, we propose
[bookmark: _GoBack]Proposal 9: The eNB can configure a GP between additional SRS and legacy SRS symbols. If not configured and  additional SRS and legacy SRS symbols are directly adjacent to each other in the time domain, the UE will not send the triggered legacy SRS or not send the triggered 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/or sPUCCH capability for Rel-16 UEs to enable sPUSCH and/or sPUCCH transmission in the SRS subframe.
Proposal 2: UE should delay partial SRS symbols that overlap with sPUSCH/sPUCCH in a subframe.
Proposal 3: Alt2A is supported to handle the collision of additional SRS and other uplink transmission for UEs not supporting sPUSCH/sPUCCH:
· Delay time can be pre-defined by spec or determined by eNB.
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: Re-use the power control mechanism defined for carriers without PUSCH/PUCCH.
· FFS: increase the range of p0-UE-additionalSRS and determine p0-Nominal-additionalSRS to UE/cell-specific.
Proposal 6: The TPC value in the DCI format 3/3A applies to the additional SRS if the additional SRS is triggered, and a tpc-index for additional SRS is configured. FFS 0B.
Proposal 7: The TPC value in the UL/DL grants DCI applies to the additional SRS if additional SRS is triggered only.
Proposal 8: The range of UE-specific P_0 is increased for additional SRS. FFS the value range.
Proposal 9: The eNB can configure a GP between additional SRS and legacy SRS symbols. If not configured and  additional SRS and legacy SRS symbols are directly adjacent to each other in the time domain, the UE will not send the triggered legacy SRS or not send the triggered additional SRS.
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