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1. Introduction
The approved WID [1] includes DL MIMO efficiency enhancements for LTE, and main target of the enhancements is to enhance SRS coverage and capacity. As captured in WID objectives, additional SRS resource allocation regions need to be introduced, including more than one symbol for one UE or for multiple UEs on a normal UL subframe.
In previous RAN1 meetings, the following agreements regarding additional SRS symbols were made:
	Agreement

A codepoint in the same DCI triggers SRS transmission for one of the following:

· Only aperiodic legacy SRS symbols

· Only aperiodic additional SRS symbols

· Both aperiodic legacy and aperiodic additional SRS symbols within the same subframe

The association of the codepoint and one of the above is configured by RRC signalling. A separate codepoint will be supported for the case of no SRS triggering.

Agreement

Aperiodic additional SRS can only be triggered for transmission in any subframe belonging to the legacy UE-specific SRS subframe configuration
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

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

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 this contribution, we discuss the enhancements on SRS including additional SRS configuration, aperiodic additional SRS transmission, collision handling of SRS and the other uplink channels, and power control and power headroom report for additional SRS.
2. Discussions
2.1. Additional SRS configuration
In previous releases, SRS has been enhanced with multi-symbol SRS configuration only for the special subframe. The additional UpPTS symbols for SRS transmission was introduced in Release 13 SRS enhancement for EB/FD-MIMO, and it is indicated to the UE with the higher layer parameter either additional 2 symbols or 4 symbols configuration. New RRC parameter values for additional UpPTS symbols are separately configured from the legacy SRS configurations.
Observation 1: Rel-13 additional SRS symbols for special subframe can be configured with separate higher layer parameters from those of legacy SRS symbols on special subframe.
For Rel-16 SRS enhancements, similar approach from previous releases can be applicable to additional SRS configuration on the normal subframe. Regarding UE-specific SRS configuration, new set of RRC parameter values for Rel-16 UE-specific SRS can be configured separately from the legacy UE-specific SRS, which also includes already agreed new configuration parameters for additional SRS in the endorsed version of RRC parameter list[6] such as repetition factor R, SRS bandwidth, hopping pattern, antenna port, and so on.
In addition, regarding the UE-specific symbol level position of additional SRS within a subframe, during the email discussion on the RRC parameter list[6], two different approaches have been discussed such as a bitmap-based signalling and an alternative signalling approach with two parameters of the starting symbol index and the duration of SRS symbols. In our view, it seems sufficient to adopt bitmap-based configuration to configure both additional SRS symbol(s) and guard symbol(s), regardless of a potentially different flexibility level on guard period between additional SRS symbols as another on-going discussion topic. On the other hand, the other approach with two separate parameters (i.e., starting symbol index and the duration of SRS symbols) may be unnecessarily complicated or cause some unexpected cases in signalling, in consideration of the agreement made in the last meeting RAN1#98, “If the gap symbol is configured, it is not counted towards the number of configured SRS symbols 
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 as well as repetition factor R”.
Proposal 1: New set of RRC parameter values for Rel-16 UE-specific SRS can be configured separately from the legacy SRS configuration.
Proposal 2: Bitmap-based configuration for the UE-specific symbol level position of additional SRS within a subframe is sufficient to configure both additional SRS symbol(s) and guard symbol(s).
2.2. Aperiodic additional SRS transmission

AP-SRS is clearly useful in several aspects. For DL data transmission in a TDD configuration, eNB can acquire DL channel state information with triggering AP-SRS whenever necessary to schedule DL data in both CA scenario and non-CA scenario. As agreed in RAN1 #96-bis meeting, Rel-15 DCI formats are reused for additional SRS triggering, where a codepoint in the same DCI can trigger one of followings, only aperiodic legacy SRS symbols/only aperiodic additional SRS symbols/both aperiodic legacy and aperiodic additional SRS symbols. As mentioned in section 2.1, New set of RRC parameter values for Rel-16 cell-specific/UE-specific SRS can be configured separately from the legacy SRS configuration, which is similar approach that additional SRS was introduced on UpPTS symbols with separate configuration in previous releases. So, reminding the above agreement, a codepoint in the DCI formats that support SRS triggering can be used to trigger only legacy aperiodic SRS, another codepoint in the same DCI can be used to trigger both legacy and additional aperiodic SRS with two independent SRS configuration(legacy and additional) associated with the single codepoint. Also, another codepoint in the same DCI can be used to trigger only additional aperiodic SRS when the codepoint is associated only with a configuration of additional SRS. Table 1[5] shows SRS request field description of the corresponding DCI formats. For Rel-16 LTE SRS enhancement, a codepoint in the SRS request field can trigger legacy and/or additional aperiodic SRS depending on the RRC description of the codepoint in which legacy and/or additional SRS related separate configuration(s) can be associated by eNB implementation. More specifically, a given nth SRS parameter set (n=1, 2, or 3) in Table 1 can be flexibly/independently configured by eNB with enumerating SRS configuration(s) belonging to one of {legacy SRS only, additional SRS only, both legacy and aperiodic SRS}.
Table 1. SRS request value for trigger type 1 in DCI format 4/4A/4B/7-0B

	Value of SRS request field
	Description

	'00'
	No type 1 SRS trigger

	'01'
	The 1st SRS parameter set configured by higher layers

	'10'
	The 2nd SRS parameter set configured by higher layers

	'11'
	The 3rd SRS parameter set configured by higher layers


Proposal 3: For Rel-16 LTE SRS enhancement, a codepoint in the SRS request field corresponding to nth SRS parameter set (n=1, 2, or 3 depending on DCI formats) can be flexibly/independently configured by eNB with enumerating SRS configuration(s) belonging to one of {legacy SRS only, additional SRS only, both legacy and aperiodic SRS}.
2.3. Collision handling of SRS and the other uplink channels
For the handling of collision of SRS and PUCCH/PUSCH transmission, it was concluded in the last meeting that sPUSCH and/or sPUCCH can be used to handle the collision between SRS and PUCCH/PUSCH. The remaining issue is whether it should be handled for UEs not supporting sPUSCH/sPUCCH when the collision between additional SRS and the other UL channels happens. For Alt2A and Alt2B, the collision should be handled with a certain priority rule. On the other hand, for Alt3 and Alt4, it is to depend on eNB implementation for the given problem. However, in previous meeting, it is agreed that the whole subframe (except the last symbol) can be used for additional SRS from cell perspective. This can cause collision between additional SRS and the other UL channels like PUCCH and PUSCH, especially in case of UL subframe lacked TDD DL-UL configurations (i.e., TDD configuration 2 or 5). In addition, it seems very difficult to avoid collisions between additional SRS and PUSCH transmission, where it also needs to be carefully discussed on cases of retransmission PUSCH, since the timeline for PUSCH retransmissions could depend on TDD DL-UL configuration.
In our view, there is no guarantee that the collision between additional SRS and the other UL channels is not happening, it is needed to manage the problem. For Alt2A and Alt2B, we think dropping additional SRS when SRS collides with the other UL channels cannot give any benefit and it only wastes DL control channel, because the eNB can be aware of the collision between additional SRS and the other UL channels. Rather, delaying additional SRS when SRS collides with the other UL channels may have some benefits with a certain intention from eNB side for triggering additional SRS on relatively sparse DL control region in a subframe, which brings benefits on the flexibility for DL control channel assignment.
Proposal 4: Considering both stable UE behavior with different TDD configurations and flexibility of DL control channel assignment, Alt2A (i.e., delaying SRS transmission) should be supported for handling the collision of SRS and PUCCH/PUSCH transmission.
2.4. Power control and power headroom report for additional SRS
For power control of additional SRS, separate open/closed loop power control from legacy SRS is supported as agreed in the last RAN1 meeting. Regarding open loop power control of additional SRS, there is no issue as we already agreed on new RRC parameters related to open loop power control, i.e., P0, alpha, etc. However, for closed loop power control process, it seems needed to be clarified how the eNB indicates transmit power control (TPC) command to the UE with which DCI format. Looking into the endorsed version of RRC parameter list[6] on e-mail discussion, the following parameter of startingBitOfFormat3B has been included with a mark of ‘Existing’, which needs further clarification on how to finalize the related UE behavior without ambiguity.

Table 2. Agreed RRC parameter regarding closed loop power control of additional SRS
	RAN2 ASN.1 name
	Parameter name in specification
	New or existing parameter
	Description
	Value range
	Default value
	UE specific/
Cell specific

	startingBitOfFormat3B
	startingBitOfFormat3B
	Existing
	Indicates the starting position of a block to trigger and TPC commands for the additional SRS symbols.
	same as startingBitOfFormat3B
	
	UE specific


In the current specification, DCI format 3B is used to indicate TPC command for a single UE or multi UEs upon SRS of PUSCH-less SCell. The parameter startingBitOfFormat3B is an indicator where the starting position of a block for a UE is, when the UE decodes DCI format 3B. Since the additional SRS related behavior is a new feature compared to the existing SRS of PUSCH-less SCell, however, there is an ambiguity on whether UE can be aware of the TPC command in the DCI format 3B to be applied to the ‘SRS of PUSCH-less SCell’ or ‘additional SRS’, if the above mark of ‘Existing’ is intended to strictly reuse the existing legacy RRC parameters.
In order to solve this ambiguity on top of the endorsed parameter of startingBitOfFormat3B, it needs to add another RRC parameter of SRS-TPC-PDCCH-Config-additionalSRS (similar to the existing legacy parameter of SRS-TPC-PDCCH-Config) to collect all the necessary sub-parameters related to the TPC command of additional SRS. Depending on the configured RRC parameter of either SRS-TPC-PDCCH-Config or SRS-TPC-PDCCH-Config-additionalSRS, the UE can be aware of the configured feature as for ‘SRS of PUSCH-less SCell’ or ‘additional SRS’, respectively, including its sub-parameter for indicating the starting position of a block for the TPC command.

Table 3. Proposed RRC parameters necessary for closed loop power control of additional SRS
	RAN2 ASN.1 name
	Parameter name in specification
	New or existing parameter
	Description
	Value range
	Default value
	UE specific/
Cell specific

	startingBitOfFormat3B-additionalSRS
	startingBitOfFormat3B-additionalSRS
	New
	Indicates the starting position of a block to trigger and TPC commands for the additional SRS symbols.
	INTEGER (0..31)
	
	UE specific

	SRS-TPC-PDCCH-Config-additionalSRS
	SRS-TPC-PDCCH-Config-additionalSRS
	New
	RRC configurations of SRS TPC command for additional SRS.
	startingBitOfFormat3B-additionalSRS, 
srs-TPC-RNTI-additionalSRS, fieldTypeFormat3B-additionalSRS, 
srs-CC-SetIndexlist-additionalSRS
	
	UE specific


Proposal 5: To solve an ambiguity on whether the TPC-related RRC parameters including startingBitOfFormat3B (currently marked as ‘Existing’) are applicable for either ‘SRS of PUSCH-less SCell’ or ‘additional SRS’, another separated RRC parameter of SRS-TPC-PDCCH-Config-additionalSRS which includes startingBitOfFormat3B-additionalSRS needs to be added.
In the current LTE specification on power headroom report (PHR), power headroom (PH) type 1, 2, and 3 are supported which are for PUSCH, PUCCH, and PUSCH-less SCell SRS, respectively. Although additional SRS in Rel-16 can be treated similarly as PUSCH-less SCell SRS so that PH type 3 can be reused for additional SRS, it should be carefully discussed on whether a separate PH type dedicated for additional SRS needs to be defined or not, based on the agreement in previous RAN1 meeting that “Additional SRS and legacy SRS each follow their own transmission power control” even for the case of transmitting both in the same subframe.
Proposal 6: It should be determined on whether a separate PH type dedicated for addition SRS is defined, or the existing power headroom (PH) type 3 is reused for selectively reporting additional SRS or PUSCH-less SCell SRS.

3. Conclusion

In this contribution, we have discussion on the enhancements on SRS, and provided observations and proposals as follows:
Observation 1: Rel-13 additional SRS symbols for special subframe can be configured with separate higher layer parameters from those of legacy SRS symbols on special subframe.
Proposal 1: New set of RRC parameter values for Rel-16 UE-specific SRS can be configured separately from the legacy SRS configuration.
Proposal 2: Bitmap-based configuration for the UE-specific symbol level position of additional SRS within a subframe is sufficient to configure both additional SRS symbol(s) and guard symbol(s).
Proposal 3: For Rel-16 LTE SRS enhancement, a codepoint in the SRS request field corresponding to nth SRS parameter set (n=1, 2, or 3 depending on DCI formats) can be flexibly/independently configured by eNB with enumerating SRS configuration(s) belonging to one of {legacy SRS only, additional SRS only, both legacy and aperiodic SRS}.
Proposal 4: Considering both stable UE behavior with different TDD configurations and flexibility of DL control channel assignment, Alt2A (i.e., delaying SRS transmission) should be supported for handling the collision of SRS and PUCCH/PUSCH transmission.
Proposal 5: To solve an ambiguity on whether the TPC-related RRC parameters including startingBitOfFormat3B (currently marked as ‘Existing’) are applicable for either ‘SRS of PUSCH-less SCell’ or ‘additional SRS’, another separated RRC parameter of SRS-TPC-PDCCH-Config-additionalSRS which includes startingBitOfFormat3B-additionalSRS needs to be added.
Proposal 6: It should be determined on whether a separate PH type dedicated for addition SRS is defined, or the existing power headroom (PH) type 3 is reused for selectively reporting additional SRS or PUSCH-less SCell SRS.
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