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1. Introduction
In RAN1 #104-e meeting, the following agreements on SRS enhancement were reached.
	Agreement
For Rel-17 SRS capacity and coverage enhancement, support the following
· Increase the maximum number of repetition symbols in one slot and one SRS resource to S
· Support at least one S value from {8, 10, 12, 14}
· FFS other candidate values
· Support to transmit SRS only in  contiguous RBs in one OFDM symbol, where  indicates the number of RBs configured by BSRS and CSRS
· Support at least one PF value from {2, [3], 4, 8}
· FFS other candidate values, e.g., non-integer values for PF
· Note: SRS sequence shorter than the minimum length supported in the current specification is not pursued.
· No new sequence including length is introduced
· FFS it is applicable to frequency hopping and non-frequency hopping
· FFS detailed signaling mechanism to determine PF and the location of the  RBs
· Support Comb 8
· Note: SRS sequence shorter than the minimum length supported in the current specification is not pursued.
· FFS whether and if needed, how to use harmonized approach to define the three supported schemes
· Note: other schemes for SRS capacity and coverage enhancements are not supported in Rel-17.
Agreement
· For aperiodic antenna switching SRS, support to configure N <=N_max resource sets, where totally K resources are distributed in the N resource sets flexibly based on RRC configuration.
· For 1T6R, K=6, N_max = [4], and each resource has 1 port.
· For 1T8R, K=8, N_max = [4], and each resource has 1 port.
· For 2T6R, K=3, N_max = [3], and each resource has 2 ports.
· For 2T8R, K=4, N_max = [4], and each resource has 2 ports.
· (Working Assumption) For 4T8R, K=2, N_max = [2], and each resource has 4 ports.
· FFS the number of supported candidate values of N for each xTyR.
· FFS extension to increase N_max for 1T4R, 2T4R, T=R and 1T2R cases for aperiodic, periodic and semi-persistent SRS resources
· FFS the number of resources and resource sets for semi-persistent and periodic antenna switching SRS
· Note: SRS could be transmitted over the last 6 OFDM symbols, or over any OFDM symbols within the slot subject to UE capability.
Agreement 
Further study whether and if needed, how to achieve further enhancements on aperiodic SRS triggering and resource management based on repurposing unused fields in DCI format 0_1/0_2 without data and without CSI. Consider the following examples
· CAT A: Time-domain parameters
· A-1: Indication of available slot position, i.e., the t values
· A-2: Indication of slot offset
· A-3: Indication of SRS symbol-level offset
· A-4: Indication of time-domain behavior for SRS transmission over multiple OFDM symbols, e.g., repetition, hopping, and/or splitting
· CAT B: Frequency-domain parameters
· B-1: Indication of a group of CCs for SRS transmission
· B-2: Indication of frequency domain resource in a BWP for SRS transmission
· B-3: Indication of whether DL/UL BWP is applied for SRS transmission
· CAT C: Power control parameters
· C-1: Re-purpose ‘TPC command for PUSCH’ as ‘TPC command for SRS’
· FFS impact on power control, impact from triggering a group of CCs for SRS
· C-2: Indication of open loop power control parameter e.g., p0.
· CAT D: Spatial-domain parameters, i.e., indication of SRS port and beamforming
· CAT E: Extend the number of DCI codepoints for aperiodic SRS trigger states
· Other examples are not precluded
Agreement
A list of t values is configured in RRC for each SRS resource set. Adopt at least one of the following for DCI indication of t.
· In DCI format 0_1/0_2 without data and without CSI request, 
· Alt 1-1: Reuse the same scheme used for DCI format 0_1/0_2/1-1/1-2 that schedules a PDSCH or PUSCH
· Alt 1-2: Re-purpose unused DCI field to indicate t
· Alt 1-3: t is indicated by a configurable DCI field, where the DCI field may contain bits from unused fields and additional bits configured by gNB
· FFS design details with other potential field(s)
· FFS: whether t can be slot offset
· In DCI format 0_1/0_2/1-1/1-2 that schedules a PDSCH or PUSCH
· Alt 2-1: t is indicated by adding a new configurable DCI field
· Alt 2-2: t is indicated without adding DCI payload
· Note: The size of DCI payload does not change dynamically
· Note: RAN1 should strive for unified solution for different DCI formats.
· FFS: The number of RRC configured t values per SRS resource set and DCI bit field size.
Agreement
Confirm the following working assumption with modifications
An “available slot” is a slot satisfying there are UL or flexible symbol(s) for the time-domain location(s) for all the SRS resources in the resource set and it satisfies UE capability on the minimum timing requirement between triggering PDCCH and all the SRS resources in the resource set.
· From the first symbol carrying the SRS request DCI and the last symbol of the triggered SRS resource set, UE does not expect to receive SFI indication, UL cancellation indication or dynamic scheduling of DL channel/signal(s) on flexible symbol(s) that may change the determination of “available slot”.
· Note: Collision handling between the triggered SRS and any other UL channel/signal is performed after the determination of available slot.
· FFS: Rules to handle the case of multiple SRS resource sets with overlapping symbols and/or triggered by a same DCI


In this contribution, we provide our views on the details of SRS enhancements for Rel-17.
2. Discussion on SRS enhancements for Rel-17
2.1 Aperiodic SRS triggering flexibility
2.1.1 Aperiodic SRS triggering offset
2.1.1.1 Reference slot
Regarding the slot offset for aperiodic SRS, one remaining issue is the reference slot. There are two options:
· Opt. 1: Reference slot is the slot with the triggering DCI.
· Opt. 2: Reference slot is the slot indicated by the legacy triggering offset.
In our view, Option 1 is a special case of Option 2, i.e. the legacy slot offset is set to zero or not configured. Therefore, it is more flexible with Option 2.
Proposal 1:
· Support Option 2 on the reference slot for available slot indication, i.e. the reference slot is indicated by the legacy RRC parameter slotOffset.
One FFS issue is how to handle the collision if multiple SRS resource sets are triggered by the same DCI. In RAN1#104-e meeting, it was agreed that a list of available slot values (‘t’) could be configured for each SRS resource set. In this case, if multiple SRS resource sets are triggered by the same DCI, i.e. configured with the same trigger state, different value of ‘t’ could be configured to different SRS resource set for the same DCI codepoint. In this way, the collision among multiple SRS resource sets triggered by the same DCI could be avoided. Figure 1 shows an example of the operation.


[bookmark: _Ref68364428]Figure 1 Configuration of list of ‘t’ for multiple SRS resource sets
Observation 1:
· For multiple SRS resource sets triggered by the same DCI, the collision among multiple sets could be avoided by configure different ‘t’ value mapping to the same DCI codepoint.
2.1.1.2 Indication of ‘t’
Another issue is how to indicate ‘t’, i.e. whether it is explicitly or implicitly indicated in DCI. In previous meeting, we have the following agreement.
	Agreement
A list of t values is configured in RRC for each SRS resource set. Adopt at least one of the following for DCI indication of t.
· In DCI format 0_1/0_2 without data and without CSI request, 
· Alt 1-1: Reuse the same scheme used for DCI format 0_1/0_2/1-1/1-2 that schedules a PDSCH or PUSCH
· Alt 1-2: Re-purpose unused DCI field to indicate t
· Alt 1-3: t is indicated by a configurable DCI field, where the DCI field may contain bits from unused fields and additional bits configured by gNB
· FFS design details with other potential field(s)
· FFS: whether t can be slot offset
· In DCI format 0_1/0_2/1-1/1-2 that schedules a PDSCH or PUSCH
· Alt 2-1: t is indicated by adding a new configurable DCI field
· Alt 2-2: t is indicated without adding DCI payload
· Note: The size of DCI payload does not change dynamically
· Note: RAN1 should strive for unified solution for different DCI formats.
· FFS: The number of RRC configured t values per SRS resource set and DCI bit field size.


In Rel-16, the slot offset of aperiodic SRS resource set is semi-statically configured by RRC, which leads to restriction on the slot of PDCCH to trigger aperiodic SRS. Therefore, the triggering flexibility for aperiodic SRS needs to be enhanced in Rel-17. With the definition of available slot, the restriction on PDCCH triggering is already removed. In this case there is no need to configure a lot of ‘t’ values to the SRS resource set.
Regarding whether ‘t’ is explicitly or implicitly indicated by DCI, we think it’s better to implicitly indicate ‘t’ via DCI because explicit indication via DCI introduces additional overhead in DCI. With implicit indication, a list of values for ‘t’ could be configured by RRC, and different value of ‘t’ could be mapped to different SRS Request codepoint. In this way, there is no additional overhead to DCI.
For example, one SRS resource set is configured with two trigger states (#1 and #2), and it can be configured with a list of ‘t’ with two values, e.g. 2 and 3. When SRS Request field indicates trigger state #1, the ‘t’ value of 2 will be applied. When SRS Request field indicates trigger state #2, the ‘t’ value of 3 will be applied for the SRS.
Regarding DCI format 0_1/0_2 without scheduling PUSCH and without CSI Request, we don’t see the necessity to have different solution on the indication of ‘t’.
Proposal 2:
· Support implicit indication of 't' value to avoid additional DCI overhead and the same scheme is applied for both DCI with scheduling data and DCI without scheduling data, i.e. Alt 2-2 and Alt 1-1 is supported.
2.1.2 Aperiodic SRS triggered by DCI 0_1/0_2 without PUSCH and CSI Request
2.1.2.1 Consideration on RNTI for DCI 0_1/0_2
It has been agreed that aperiodic SRS could be triggered by DCI format 0_1/0_2 without scheduling PUSCH and without CSI Request. In this case, some un-used bits could be re-purposed to change some SRS configuration parameters to facilitate SRS transmission.
However, DCI format 0_1/0_2 could be scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI or SP-CSI-RNTI. When the UE is scrambled by CS-RNTI or SP-CSI-RNTI, some special field values are already used for other purpose.
When DCI 0_1/0_2 is scrambled by CS-RNTI, some special field values are used for validating activation or release for configured UL grant Type 2. Figure 2 and Figure 3 shows the field value configuration for DCI format 0_1/0_2 to validate UL grant Type 2 activation/release when a single UL grant Type 2 configuration is provided. More details could be found in Section 10.2 of TS 38.213.
[image: ]
[bookmark: _Ref68272708]Figure 2 Special fields for DCI 0_1/0_2 scrambled by CS-RNTI to validate UL grant Type 2 activation
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[bookmark: _Ref68272714]Figure 3 Special fields for DCI 0_1/0_2 scrambled by CS-RNTI to validate UL grant Type 2 Release
When DCI 0_1/0_2 is scrambled by SP-CSI-RNTI, some special field values are used for validating activation or release for semi-persistent CSI. Figure 4 and Figure 5 shows the field value configuration for DCI format 0_1/0_2 to validate semi-persistent CSI activation/release. More details could be found in Section 5.2.1.5.2 of TS38.214.
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[bookmark: _Ref68273010]Figure 4 Special fields for DCI 0_1/0_2 scrambled by SP-CSI-RNTI to validate SP CSI activation
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[bookmark: _Ref68273019]Figure 5 Special fields for DCI 0_1/0_2 scrambled by SP-CSI-RNTI to validate SP CSI release
Observation 2:
· For DCI format 0_1/0_2 scrambled by CS-RNTI or SP-CSI-RNTI, some special field values are already used for PDCCH validation.
Therefore, if the un-used bits in DCI format 0_1/0_2 scrambled by CS-RNTI/SP-CSI-RNTI is repurposed for SRS, the already used field values should be avoided for repurposing. In comparison, for DCI 0_1/0_2 scrambled by C-RNTI or MCS-C-RNTI, all the values of the un-used fields could be repurposed. In this case, it’s better to start with the case that DCI format 0_1/0_2 is scrambled by C-RNTI or MCS-C-RNTI.
Proposal 3:
· For re-purposing un-used DCI fields when SRS is triggered by DCI 0_1/0_2 without scheduling PUSCH and without CSI Request, RAN1 to consider the case that DCI 0_1/0_2 is scrambled by C-RNTI or MCS-C-RNTI as starting point.
2.1.2.2 DCI field length in DCI 0_1/0_2
In DCI format 0_1/0_2, the length of some fields are configurable, while some fields have fixed length, such as MCS and HARQ process number, etc. see Table 1.
[bookmark: _Ref68273902]Table 1 Field length of DCI format 0_1
	Field
	DCI format 0_1

	Identifier for DCI format
	1

	Carrier Indicator (CIF)
	0/3

	DFI flag
	0/1

	UL/SUL indicator
	0/1

	Bandwidth part (BWP) indicator
	0~2

	Frequency domain resource assignment (FDRA)
	Depending on configuration

	Time domain resource assignment (TDRA)
	0~6

	Frequency hopping (FH) flag
	0/1

	Modulation and coding scheme (MCS)
	5

	New data indicator (NDI)
	1~8

	Redundancy version (RV)
	2~8

	HARQ process number
	4

	1st downlink assignment index (DAI)
	1/2/4

	2nd DAI
	0/2/4

	TPC command for PUSCH
	2

	SRS resource indicator (SRI)
	1~4

	Precoding information and number of layers
	0~6

	Antenna ports
	2~5

	SRS request
	2/3

	CSI request
	0~6

	CBG transmission information (CBGTI)
	0/2/4/6/8

	PTRS-DMRS association
	0/2

	Beta-offset indicator
	0/2

	DMRS sequence initialization
	0/1

	UL-SCH indicator
	0/1

	ChannelAccess-CPext-CAPC
	0~6

	Open-loop power control parameter set indication
	0/1/2

	Priority indicator
	0/1

	Invalid symbol pattern indicator
	0/1

	Minimum applicable scheduling offset indicator
	0/1

	SCell dormancy indication
	0~5

	Sidelink assignment index
	0/1/2


Thus, in order to re-purpose the unused fields for SRS transmission, the field with fixed length should be considered first.
Proposal 4:
· For aperiodic SRS triggered by DCI format 0_1/0_2 without scheduling PUSCH and without CSI Request, the DCI fields with fixed length should be considered first for re-purposing.
2.1.2.3 Impact on SRS power control
For aperiodic SRS triggered by DCI format 0_1/0_2 without scheduling PUSCH and without CSI Request, the field of ‘TPC command for PUSCH’ should be re-purposed as ‘TPC command for SRS’, since SRS is not triggered together with PUSCH.
In Rel-16, the SRS resource set could be configured to follow the PUSCH power control adjustment state or a separate power control adjustment. The derivation of SRS power control adjustment state from TS 38.213 is copied as below.
	[bookmark: _Toc12021444][bookmark: _Toc20311556][bookmark: _Toc26719381][bookmark: _Toc29894812][bookmark: _Toc29899111][bookmark: _Toc29899529][bookmark: _Toc29917266][bookmark: _Toc36498140][bookmark: _Toc45699166][bookmark: _Toc60601283]7	Uplink Power control
…
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…
For the PUSCH power control adjustment state [image: ] for active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] in PUSCH transmission occasion [image: ]
-	[image: ] is a TPC command value included in a DCI format that schedules the PUSCH transmission occasion [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] or jointly coded with other TPC commands in a DCI format 2_2 with CRC scrambled by TPC-PUSCH-RNTI, as described in Clause 11.3
-	[image: ] if the UE is configured with twoPUSCH-PC-AdjustmentStates and [image: ] if the UE is not configured with twoPUSCH-PC-AdjustmentStates or if the PUSCH transmission is scheduled by a RAR UL grant as described in Clause 8.3
-	For a PUSCH (re)transmission configured by ConfiguredGrantConfig, the value of [image: ] is provided to the UE by powerControlLoopToUse
-	If the UE is provided SRI-PUSCH-PowerControl, the UE obtains a mapping between a set of values for the SRI field in a DCI format scheduling the PUSCH transmission and the [image: ] value(s) provided by sri-PUSCH-ClosedLoopIndex and determines the [image: ] value that is mapped to the SRI field value
-	If the PUSCH transmission is scheduled by a DCI format that does not include an SRI field, or if an SRI-PUSCH-PowerControl is not provided to the UE, [image: ]
-	If the UE obtains one TPC command from a DCI format 2_2 with CRC scrambled by a TPC-PUSCH-RNTI, the [image: ] value is provided by the closed loop indicator field in DCI format 2_2
-	[image: ] is the PUSCH power control adjustment state [image: ] for active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] and PUSCH transmission occasion [image: ] if the UE is not provided tpc-Accumulation, where 
-	The [image: ] values are given in Table 7.1.1-1
-	[image: ] is a sum of TPC command values in a set [image: ] of TPC command values with cardinality [image: ] that the UE receives between [image: ] symbols before PUSCH transmission occasion [image: ] and [image: ] symbols before PUSCH transmission occasion [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] for PUSCH power control adjustment state [image: ], where [image: ] is the smallest integer for which [image: ] symbols before PUSCH transmission occasion [image: ] is earlier than [image: ] symbols before PUSCH transmission occasion [image: ]
-	If a PUSCH transmission is scheduled by a DCI format, [image: ] is a number of symbols for active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] after a last symbol of a corresponding PDCCH reception and before a first symbol of the PUSCH transmission 
-	If a PUSCH transmission is configured by ConfiguredGrantConfig, [image: ] is a number of [image: ] symbols equal to the product of a number of symbols per slot, [image: ], and the minimum of the values provided by k2 in PUSCH-ConfigCommon for active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] 
-	If the UE has reached maximum power for active UL BWP[image: ] of carrier [image: ] of serving cell [image: ] at PUSCH transmission occasion [image: ] and [image: ], then [image: ]
-	If UE has reached minimum power for active UL BWP[image: ] of carrier [image: ] of serving cell [image: ] at PUSCH transmission occasion [image: ] and [image: ], then [image: ]
-	A UE resets accumulation of a PUSCH power control adjustment state [image: ] for active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] to [image: ]
-	If a configuration for a corresponding [image: ] value is provided by higher layers
-	If a configuration for a corresponding [image: ] value is provided by higher layers
where [image: ] is determined from the value of [image: ] as 
-	If [image: ] and the UE is provided higher SRI-PUSCH-PowerControl, [image: ] is the sri-PUSCH-ClosedLoopIndex value(s) configured in any SRI-PUSCH-PowerControl with the sri-P0-PUSCH-AlphaSetId value corresponding to [image: ] 
-	If [image: ] and the UE is not provided SRI-PUSCH-PowerControl or , [image: ]
-	If [image: ], [image: ] is provided by the value of powerControlLoopToUse
-	[image: ] is the PUSCH power control adjustment state for active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] and PUSCH transmission occasion [image: ] if the UE is provided tpc-Accumulation, where
-	[image: ] absolute values are given in Table 7.1.1-1
…
[bookmark: _Toc12021449][bookmark: _Toc20311561][bookmark: _Toc26719386][bookmark: _Toc29894817][bookmark: _Toc29899116][bookmark: _Toc29899534][bookmark: _Toc29917271][bookmark: _Toc36498145][bookmark: _Toc45699171][bookmark: _Toc60601288]7.3	Sounding reference signals
…
For the SRS power control adjustment state for active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] and SRS transmission occasion [image: ]
-	[image: ], where [image: ] is the current PUSCH power control adjustment state as described in Clause 7.1.1, if srs-PowerControlAdjustmentStates indicates a same power control adjustment state for SRS transmissions and PUSCH transmissions; or
-	[image: ] if the UE is not configured for PUSCH transmissions on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ], or if srs-PowerControlAdjustmentStates indicates separate power control adjustment states between SRS transmissions and PUSCH transmissions, and if tpc-Accumulation is not provided, where 
-	The [image: ] values are given in Table 7.1.1-1
-	[image: ] is jointly coded with other TPC commands in a PDCCH with DCI format 2_3, as described in Clause 11.4
-	[image: ] is a sum of TPC command values in a set [image: ] of TPC command values with cardinality [image: ] that the UE receives between [image: ] symbols before SRS transmission occasion [image: ] and [image: ] symbols before SRS transmission occasion [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] for SRS power control adjustment state, where [image: ] is the smallest integer for which [image: ] symbols before SRS transmission occasion [image: ] is earlier than [image: ] symbols before SRS transmission occasion [image: ]
-	if the SRS transmission is aperiodic, [image: ] is a number of symbols for active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] after a last symbol of a corresponding PDCCH triggering the SRS transmission and before a first symbol of the SRS transmission 
-	if the SRS transmission is semi-persistent or periodic, [image: ] is a number of [image: ] symbols equal to the product of a number of symbols per slot, [image: ], and the minimum of the values provided by k2 in PUSCH-ConfigCommon for active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] 
-	If the UE has reached maximum power for active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] at SRS transmission occasion [image: ] and [image: ], then [image: ]
-	If UE has reached minimum power for active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] at SRS transmission occasion [image: ] and [image: ], then [image: ]
-	If a configuration for a [image: ] value or for a [image: ] value for a corresponding SRS power control adjustment state [image: ] for active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] is provided by higher layers
-	[image: ] 
-	Else
-	[image: ] 
where
[image: ] is the TPC command value indicated in the random access response grant corresponding to the random access preamble that the UE transmitted on active UL BWP [image: ] of carrier [image: ] of the serving cell [image: ], and 
[image: ]; 
where [image: ] is provided by higher layers and corresponds to the total power ramp-up requested by higher layers from the first to the last preamble for active UL BWP [image: ] of carrier [image: ] of serving cell [image: ].
-	[image: ] if the UE is not configured for PUSCH transmissions on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ], or if srs-PowerControlAdjustmentStates indicates separate power control adjustment states between SRS transmissions and PUSCH transmissions, and tpc-Accumulation is provided, and the UE detects a DCI format 2_3 [image: ] symbols before a first symbol of SRS transmission occasion [image: ], where absolute values of [image: ] are provided in Table 7.1.1-1
-	if srs-PowerControlAdjustmentStates indicates a same power control adjustment state for SRS transmissions and PUSCH transmissions, the update of the power control adjustment state for SRS transmission occasion [image: ] occurs at the beginning of each SRS resource in the SRS resource set [image: ]; otherwise, the update of the power control adjustment state SRS transmission occasion [image: ] occurs at the beginning of the first transmitted SRS resource in the SRS resource set [image: ]. 
…


It can be observed that if SRS is configured with the same power control adjustment state as PUSCH, the SRS power control adjustment state just follows the PUSCH power control adjustment state.
For aperiodic SRS triggered by DCI 0_1/0_2 without scheduling PUSCH and without CSI-Request, since PUSCH is configured, it’s better that SRS power control state is the same as PUSCH power control state. However, following the current spec, it’s not clear how to align the transmission occasion between SRS and PUSCH since SRS is not triggered together with PUSCH. Therefore, the impact on SRS power control should be further studied, for example, how to determine the SRS power control adjustment state.
Proposal 5:
· The field of 'TPC command for PUSCH' should be repurposed as 'TPC command for SRS'. The impact on SRS power control should be further studied, such as how to determine the SRS power adjustment state.
2.1.2.4 Increasing the number of trigger states
Currently only three DCI codepoints are used for aperiodic SRS triggering state. However, Rel-17 may need to support larger number of aperiodic SRS resource sets configured for the UE. For example, for 1T8R antenna switching, there might be 4 aperiodic SRS resource sets, for multi-TRP there might be two aperiodic SRS resource sets for codebook/non-codebook and the UE can also be configured with aperiodic SRS resource sets for beam management. In this case to accommodate the constraint of three aperiodic SRS trigger states, multiple SRS resource sets with different usages should be configured with the same trigger state, which is not desirable.
To increase the flexibility, some un-used fields for DCI 0_1/0_2 without data could be re-purposed to extend the number of DCI codepoints for trigger states.
Proposal 6:
· The number of SRS trigger states should be increased in Rel-17 by using additional bits in DCI 0_1/0_2 without scheduling PUSCH and without CSI Request.
2.1.2.5 Non-aligned bandwidth for DL/UL BWP
In TDD system, the bandwidth for DL BWP and UL BWP may be different. For SRS with antenna switching, in order to determine the DL precoder, it’s better to transmit SRS over the DL BWP so that the sounding result is aligned with DL BWP bandwidth. Thus, some un-used field in DCI 0_1/0_2 could be re-purposed to indicate whether DL/UL BWP is applied for SRS transmission.
Proposal 7:
· Some un-used bit could be repurposed to indicate whether DL BWP or UL BWP is applied for SRS transmission.
2.1.2.6 Impact on BWP switching operation
In DCI format 0_1/0_2, there is a field of BWP indicator, which is used for DCI based BWP switching operation. When aperiodic SRS is triggered by DCI format 0_1/0_2 without scheduling PUSCH and without CSI Request, it should be clarified whether the field of BWP indicator can still be used for BWP switching or it can be repurposed for other usage.
Proposal 8:
· For aperiodic SRS triggered by DCI format 0_1/0_2 without scheduling PUSCH and without CSI Request, RAN 1 to further discuss the impact on BWP switching operation.
2.1.3 Usage/Overhead reduction
In the previous RAN1 meeting and post-meeting email discussion, it was discussed whether the SRS resource set can be configured with dual usage, for example, both codebook and antennaSwitching.
Some companies think that different antenna virtualization can be applied for codebook SRS and antenna switching SRS. Thus, the configuration with dual usage could make sure that the same antenna virtualization could be used for SRS.
In our view, the gNB can derive DL precoder from the codebook based SRS transmission. This issue could be up to gNB implementation.
Regarding antenna virtualization, we don’t think it has negative impact on the DL precoder calculation in most of the practical scenarios. In particular, for antenna virtualization based on unitary matrix , where  is identity matrix, the actual DL precoder should be the same for any . 
In order to compare the benefit if SRS is configured with dual usage, the Rel-15 operation should be considered as baseline for comparison, i.e. gNB could calculate DL precoder based on codebook SRS.
Proposal 9:
· Regarding whether SRS can be configured with dual usage, e.g. codebook and antenna switching, the Rel-15 operation should be the baseline for comparison, i.e. it's up to gNB implementation whether to derive DL precoder based on the codebook SRS.
2.2 Antenna switching for up to 8 antennas
2.2.1 SRS resource configuration for up to 8 Rx
In RAN1 #104-e meeting, the number of SRS resources and some candidate values for the number of SRS resource sets are agreed for antenna switching with up to 8Rx, as shown below.
	Agreement
· For aperiodic antenna switching SRS, support to configure N <=N_max resource sets, where totally K resources are distributed in the N resource sets flexibly based on RRC configuration.
· For 1T6R, K=6, N_max = [4], and each resource has 1 port.
· For 1T8R, K=8, N_max = [4], and each resource has 1 port.
· For 2T6R, K=3, N_max = [3], and each resource has 2 ports.
· For 2T8R, K=4, N_max = [4], and each resource has 2 ports.
· (Working Assumption) For 4T8R, K=2, N_max = [2], and each resource has 4 ports.
· FFS the number of supported candidate values of N for each xTyR.
· FFS extension to increase N_max for 1T4R, 2T4R, T=R and 1T2R cases for aperiodic, periodic and semi-persistent SRS resources
· FFS the number of resources and resource sets for semi-persistent and periodic antenna switching SRS
· Note: SRS could be transmitted over the last 6 OFDM symbols, or over any OFDM symbols within the slot subject to UE capability.


In the scenario of multi-TRP, different beams will be used toward different TRP. The power control parameter setting could be different with different TRP too. In Rel-16 spec, the power control parameters are configured at SRS resource set level by RRC. The spatial relation and the pathloss reference signal for SRS is RRC configured and could be updated via MAC-CE.
If the same SRS resource set(s) are used among TRPs, reconfiguration of the SRS resource sets to update the spatial relation and power control parameters is required prior to transmission to different TRP, which results in a lot of signaling overhead. In order to reduce signaling overhead, more SRS resource sets could be configured in the scenario of multi-TRP operation. Figure 6 illustrates the issue in more details.


[bookmark: _Ref68346031]Figure 6 Reconfiguration required if the same SRS resource sets are used among TRPs for antenna switching
The agreement on SRS configuration for antenna switching (the value of K and N_max) which was reached in RAN1 #104-e is not sufficient for multi-TPR case. RAN1 should further study the SRS configuration for antenna switching with up to 8Rx in multi-TRP.
Proposal 10:
· RAN1 to clarify that the agreement from RAN1 #104-e on SRS configuration for antenna switching (the value of K and N_max) is for single TRP case.
Proposal 11:
· RAN1 to further study the SRS configuration for antenna switching with up to 8Rx in multi-TRP scenario, including aperiodic, semi-persistent, and periodic SRS.
The antenna switching operation is used to obtain DL precoder based on the channel reciprocity characteristics. In multi-TRP, different beam will be used for the transmission toward different TRPs.
For antenna switching performed by the same TRP, the same Tx beam should be applied among the SRS resources.
Proposal 12:
· For SRS antenna switching performed by the same TRP, the same beam should be applied for all the SRS resources contained in all the SRS resource sets triggered by the same DCI.
One remaining issue from last meeting is whether to increase the number of SRS resource sets for the legacy SRS antenna switching, e.g. 1T2R, 2T4R and 1T4R.
From our view, in TDD system, the available uplink symbols may be limited. Distributing SRS resources for antenna switching over larger number of slots is helpful for more flexibility.
Proposal 13:
· Support to increase the number of aperiodic SRS resource sets for 1T2R, 2T4R and 1T4R.
2.3 SRS capacity/coverage enhancement
2.3.1 Increased SRS repetitions
It was agreed in RAN1 #104-e meeting that the number of repetition symbols for one SRS resource could be increased in Rel-17. The candidate value includes {8, 10, 12, 14}.
Link level simulation was performed to investigate the performance of increased repetitions. Different MCS were simulated. Table 2 shows the link level simulation results. The detailed simulation assumptions are provided in Appendix.
[bookmark: _Ref54299037]Table 2 Link level simulation results for increased SRS repetitions
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From the link level simulation results, it could be observed that SRS with repetition factor of 8 shows some gain over repetition factor of 4 for low MCS, but for high MCS the gain of SRS with repetition factor of 8 is not obvious. Regarding SRS with repetition factor of 12 over repetition factor of 8, it can be seen that the gain is very limited.
Proposal 14:
· For increased SRS repetitions, support the value of 8 repetitions in Rel-17. FFS other candidate values for increased repetition.
2.3.2 SRS partial sounding
For SRS partial sounding, some REs allocated for SRS are not used for transmission. In this case power boosting could be used on the transmitted SRS signals to improve the performance. One of the remaining issues of supporting SRS with partial sounding is whether it is supported with frequency hopping.


[bookmark: _Ref68359615]Figure 7 SRS partial sounding
As shown in Figure 7, if SRS partial sounding is applied to SRS without frequency hopping, the SRS transmission pattern could be the same as conventional SRS frequency hopping. However, the benefits of using SRS partial sounding without frequency hopping is not clear.
Proposal 15:
· The SRS partial sounding is applicable only for SRS with frequency hopping case.
3. Conclusion
In conclusion, we have the following observations and proposals to discuss SRS enhancements in Rel-17.
Observation 1:
· For multiple SRS resource sets triggered by the same DCI, the collision among multiple sets could be avoided by configure different ‘t’ value mapping to the same DCI codepoint.
Observation 2:
· For DCI format 0_1/0_2 scrambled by CS-RNTI or SP-CSI-RNTI, some special field values are already used for PDCCH validation.
Proposal 1:
· Support Option 2 on the reference slot for available slot indication, i.e. the reference slot is indicated by the legacy RRC parameter slotOffset.
Proposal 2:
· Support implicit indication of 't' value to avoid additional DCI overhead and the same scheme is applied for both DCI with scheduling data and DCI without scheduling data, i.e. Alt 2-2 and Alt 1-1 is supported.
Proposal 3:
· For re-purposing un-used DCI fields when SRS is triggered by DCI 0_1/0_2 without scheduling PUSCH and without CSI Request, RAN1 to consider the case that DCI 0_1/0_2 is scrambled by C-RNTI or MCS-C-RNTI as starting point.
Proposal 4:
· For aperiodic SRS triggered by DCI format 0_1/0_2 without scheduling PUSCH and without CSI Request, the DCI fields with fixed length should be considered first for re-purposing.
Proposal 5:
· The field of 'TPC command for PUSCH' should be repurposed as 'TPC command for SRS'. The impact on SRS power control should be further studied, such as how to determine the SRS power adjustment state.
Proposal 6:
· The number of SRS trigger states should be increased in Rel-17 by using additional bits in DCI 0_1/0_2 without scheduling PUSCH and without CSI Request.
Proposal 7:
· Some un-used bit could be repurposed to indicate whether DL BWP or UL BWP is applied for SRS transmission.
Proposal 8:
· For aperiodic SRS triggered by DCI format 0_1/0_2 without scheduling PUSCH and without CSI Request, RAN 1 to further discuss the impact on BWP switching operation.
Proposal 9:
· Regarding whether SRS can be configured with dual usage, e.g. codebook and antenna switching, the Rel-15 operation should be the baseline for comparison, i.e. it's up to gNB implementation whether to derive DL precoder based on the codebook SRS.
Proposal 10:
· RAN1 to clarify that the agreement from RAN1 #104-e on SRS configuration for antenna switching (the value of K and N_max) is for single TRP case.
Proposal 11:
· RAN1 to further study the SRS configuration for antenna switching with up to 8Rx in multi-TRP scenario, including aperiodic, semi-persistent, and periodic SRS.
Proposal 12:
· For SRS antenna switching performed by the same TRP, the same beam should be applied for all the SRS resources contained in all the SRS resource sets triggered by the same DCI.
Proposal 13:
· Support to increase the number of aperiodic SRS resource sets for 1T2R, 2T4R and 1T4R.
Proposal 14:
· For increased SRS repetitions, support the value of 8 repetitions in Rel-17. FFS other candidate values for increased repetition.
Proposal 15:
· The SRS partial sounding is applicable only for SRS with frequency hopping case.
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Appendix-A: Link level simulation assumption
The link level simulation assumption is shown as below.
Table 3 Link level simulation assumption
	Parameter
	Value

	Carrier frequency
	3.5GHz

	Subcarrier spacing
	30KHz

	Channel model
	TDL-A with 30ns

	Antenna configuration
	2Tx@UE, 8Rx@gNB

	Rank
	Rank-1 transmission

	Precoder
	SVD based

	MCS
	Fixed MCS (MCS#7, #14, #16, #24)

	DL Precoding granularity
	2 PRB

	SRS periodicity
	Every 5 slots

	SRS Comb
	Comb 2

	SRS frequency hopping
	Disabled

	SRS channel estimation
	MMSE

	SNR difference between UL and DL
	-9 dB
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Table 10.2-1: Special fields for single DL SPS or single UL grant Type 2 scheduling activation PDCCH
validation when a UE is provided a single SPS PDSCH or UL grant Type 2 configuration in the active
DL/UL BWP of the scheduled cell

DCl format 0_0/0_1/0_2 | _DCI format 1_0/1_2 DCl format 1_1
HARQ process number settoall 0's settoall 0's setto all 0's
o o For the enabled transport block
Redundancy version settoall '0's settoall'0's ot o all s
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Table 10.2-2: Special fields for single DL SPS or single UL grant Type 2 scheduling release PDCCH
validation when a UE is provided a single SPS PDSCH or UL grant Type 2 configuration in the active
DL/UL BWP of the scheduled cell

DCI format 0_0/0_1/0_2 |DCI format 1_0/1_1/1_2

HARQ process number set to all '0's set to all '0's
Redundancy version set to all '0's set to all '0's
Modulation and coding scheme set to all '1's setto all '1's

setto all'0's for FDRA
Type 0 or for
dynamicSwitch

set to all '0's for FDRA

Frequency domain resource Type2with p =1

assignment
set to all "1's for FDRA

set to all '1's, otherwise Type 1
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Table 5.2.1.5.2-1: Special fields for semi-persistent CSI activation PDCCH validation

DCI format 0_1/0_2
HARQ process number setto all'0's
Redundancy version setto all'0's
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Table 5.2.1.5.2-2: Special fields for semi-persistent CSI deactivation PDCCH validation

DCI format 0_1/0_2

HARQ process number setto all'0's

Modulation and coding scheme settoall'1's

If higher layer configures RA type 0 only, set to all '0's;
If higher layer configures RA type 1 only, set to all '1's;
If higher layer configures dynamic switch between RA type 0 and 1,
then if MSB is'0', set to all '0's; else, set to all '1's
For DCI 0_1, if higher layer configures RA type 2, setto all "1's if y =
0;settoall'O'sif u=1

Resource block assignment

Redundancy version setto all'0's
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