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1. INTRODUCTION
During the RAN1 #102e, RAN1 began the discussion related to SRS enhancements. Besides the discussion related to evaluation methodologies, the followings were discussed and agreed:

	Enhance the determination of aperiodic SRS triggering offset, with at least one of the following alternatives
· Alt 1: Delay the SRS transmission to an available slot later than the triggering offset defined in current specification, including possible re-definition of the triggering offset
· Alt 2: Indicate triggering offset in DCI explicitly or implicitly
· Alt 3: Update triggering offset in MAC CE
· Further consideration aspects may include the cost v.s. the total combinations PDCCH and SRS locations for gNB to choose, DCI overhead, multi-UE SRS multiplexing, CA aspect, whether to have multiple opportunities to transmit SRS, etc.

For SRS coverage/capacity enhancements, evaluate and, if needed, specify one or more from three categories based on the following definition. 
· Class 1 (Time bundling): Utilize relationship among two or more occasions of one or more SRS resources in one or more slots to enable joint processing within time domain.
· Study aspects include the issue of phase discontinuity, interruption of SRS transmission by other UL signals, etc.
· Class 2 (Increase repetition): Change the legacy SRS pattern in one resource and one occasion from time domain by increasing SRS symbols for repetition. 
· Study aspects include to use TD-OCC to compensate the negative impact on SRS capacity, inter-cell interference randomization, whether these SRS symbols are in one slot or consecutive slots, etc.
· Class 3 (Partial frequency sounding): Support more flexibility on SRS frequency resources to allow SRS transmission on partial frequency resources within the legacy SRS frequency resources.
· Study aspects include the partial frequency resources are with RB level or subcarrier level (e.g., larger comb, partial bandwidth), PAPR issue, etc.

Study the following two alternatives in the scope to enhance at least one DCI format for aperiodic SRS triggering 
· Alt 1: Use UE-specific DCI, e.g., extending DCI 0_1 without uplink data and without CSI
· Alt 2: Use group-common DCI, e.g., extending DCI 2_3 for cases other than carrier switching
· Further consideration aspects may include simultaneous or CC-specific SRS triggering for multiple CCs, dynamic indication of SRS frequency resources, etc..

For SRS overhead reduction, study reusing same resources among multiple usages, at least for “codebook” and “antenna switching”. Study aspects include
· Whether implementation approach based on legacy SRS configuration is sufficient
· If not, and if there are benefits other than RRC overhead reduction, study further on the case that antenna switching and PUSCH have different number of Tx antennas, whether UL BWP for different SRS usages is the same or different, whether and how to ensure UE to use same virtualization, the set of applicable usages, UE implementation complexity and overhead, etc..


For SRS antenna switching up to 8Rx, study the configuration of {1T6R, 1T8R, 2T6R, 2T8R, 4T6R, 4T8R}.
· Study points may include CSI latency, performance considering aspects like insertion loss, use cases, antenna structure, UE power saving, SRS resource configuration, etc.




SRS is primarily used for uplink channel measurements. SRS transmission may also be used to assist downlink CSI estimation for partially or fully reciprocal channels. Moreover, SRS is instrumental for beam management where SRS transmission through different SRS resources with different spatial filters supports UE beam sweeping and beam selection by gNB.
Therefore, enabling a dynamic and flexible sounding procedure with adequate capacity and coverage is essential to MIMO performance. 


2. UE SOUNDING PROCEDURE ENHANCEMENT

2.1. SRS TRIGGERING
In NR Rel. 16, the time domain behavior of SRS resource configuration is indicated by the higher layer parameter resourceType. The time domain behavior can be configured as periodic, semi-persistent and aperiodic. In NR Rel. 16, a UE cannot be configured to have different time domain behavior, i.e., periodic, semi-persistent, and different periodicities for SRS resources within a same SRS resource set.  
In semi-persistent SRS operation, a UE may be activated/deactivated by a DCI to start/stop the SRS transmission. However, the impact from misdetection of deactivation signal could be significant as a UE may continue sending the SRS which may result in unnecessary interference and UE battery consumption. If an aperiodic SRS triggered to be transmitted on the same symbol(s), the aperiodic SRS has transmission priority over periodic and semi-persistent SRS. Except when PUCCH is carrying HARQ-ACK, link recovery request and/or SR, an aperiodic SRS has priority over PUCCH.
 For aperiodic SRS configuration, a UE receives a set of higher layer parameters for SRS-ResourceSet, including: slotOffset, srs-ResourceSetId, AperiodicSRS-ResourceTrigger, and AperiodicSRS-ResourceTriggerList. An aperiodic SRS transmission could be triggered by a UE specific DCI, a group common DCI, or an uplink DCI. The associated two-bit ‘SRS request’ field in DCI format 0_1, 1_1, 0_2 (if SRS request field is present), and 1_2 (if SRS request field is present) triggers the corresponding SRS. 
Based on Rel. 16 specification, if a UE receives a DCI triggering aperiodic SRS in slot , the UE transmits aperiodic SRS in each of the triggered SRS resource set(s) in slot

 							(1)

where  is configured via higher layer parameter slotOffset for each triggered SRS resources set and is based on the subcarrier spacing of the triggered SRS transmission. 

2.2. [bookmark: _Hlk53523941]DELAYING SRS TRANSMISSION
When a UE receives the DCI triggering an aperiodic SRS, the slot level offset to send the aperiodic SRS depends on the configured slotOffset, which is a higher layer parameter configured by RRC. However, using the RRC signalling for the slot offset might introduce unnecessary overhead and latency in transmission of aperiodic SRS. 

In the last RAN1 meeting, three alternatives for triggering offset indication were agreed for further discussion and down-selection [1]. The agreed alternatives are: 


Table 1 - Slot formats for normal cyclic prefix
	Format
	Symbol number in a slot

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	0
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D

	1
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	2
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F

	3
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F

	4
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F

	5
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F

	6
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F
	F

	7
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F
	F
	F

	8
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U

	9
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U

	10
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	11
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	12
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	13
	F
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	14
	F
	F
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U

	15
	F
	F
	F
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U

	16
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F

	17
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F

	18
	D
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F

	19
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U

	20
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U

	21
	D
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U

	22
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U

	23
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U

	24
	D
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U

	25
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U
	U

	26
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U
	U

	27
	D
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U
	U

	28
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	U

	29
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	U

	30
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F
	U

	31
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	U
	U

	32
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	U
	U

	33
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F
	U
	U

	34
	D
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	35
	D
	D
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	36
	D
	D
	D
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	37
	D
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	38
	D
	D
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	39
	D
	D
	D
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U

	40
	D
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	41
	D
	D
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U

	42
	D
	D
	D
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U

	43
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F
	F
	U

	44
	D
	D
	D
	D
	D
	D
	F
	F
	F
	F
	F
	F
	U
	U

	45
	D
	D
	D
	D
	D
	D
	F
	F
	U
	U
	U
	U
	U
	U

	46
	D
	D
	D
	D
	D
	F
	U
	D
	D
	D
	D
	D
	F
	U

	47
	D
	D
	F
	U
	U
	U
	U
	D
	D
	F
	U
	U
	U
	U

	48
	D
	F
	U
	U
	U
	U
	U
	D
	F
	U
	U
	U
	U
	U

	49
	D
	D
	D
	D
	F
	F
	U
	D
	D
	D
	D
	F
	F
	U

	50
	D
	D
	F
	F
	U
	U
	U
	D
	D
	F
	F
	U
	U
	U

	51
	D
	F
	F
	U
	U
	U
	U
	D
	F
	F
	U
	U
	U
	U

	52
	D
	F
	F
	F
	F
	F
	U
	D
	F
	F
	F
	F
	F
	U

	53
	D
	D
	F
	F
	F
	F
	U
	D
	D
	F
	F
	F
	F
	U

	54
	F
	F
	F
	F
	F
	F
	F
	D
	D
	D
	D
	D
	D
	D

	55
	D
	D
	F
	F
	F
	U
	U
	U
	D
	D
	D
	D
	D
	D

	56 – 254 
	Reserved

	255
	UE determines the slot format for the slot based on tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, if any, on detected DCI formats



Alt 1: Delay the SRS transmission to an available slot later than the triggering offset defined in current specification, including possible re-definition of the triggering offset
Alt 2: Indicate triggering offset in DCI explicitly or implicitly
Alt 3: Update triggering offset in MAC CE

In NR, for TDD operation, a UE may be configured by higher layers to operate with a specific pattern of UL, DL and flexible (F) slots and symbols per slot. For example, the RRC parameter tdd-UL-DL-ConfigurationCommon, provides the general pattern of slots within the configured periodicity. A UE may be additionally provided parameter tdd-UL-DL-ConfigurationDedicated to override flexible symbols per slot over the number of slots indicated by tdd-UL-DL-ConfigurationCommon. For a set of symbols of a slot that are indicated as flexible by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, a UE may receive a DCI format 2_0 with an SFI-index field value that may indicate a new slot format [2]. As shown in Table 1, there are 56 slot format combinations that are defined for the basic TDD operation in Rel-16 NR [2]. 

Considering the various slot format combinations, if the indicated slot offset happens to point to a DL slot, SRS will not be sent at all. In such cases, according to Alt 1, we could delay the SRS transmission to the first available UL slot later than the triggering offset defined in current specification. However, the success of such approach depends on the configured slot pattern. If the configured pattern does not possess frequent UL or F slots, it could delay the execution of SRS transmission considerably. Furthermore, the occurrence of F type slots may not be always adequate, as not every slot format could have sufficient UL capability. It can be observed from Table 1 that 20% of the slot formats does not have sufficient U/F symbols to be used for completing a 4 symbol SRS transmission. For example, for slot format 5, there is only 3 symbols that can be potentially used by the scheduler for a 4-symbol SRS transmission.

Also, the strategy of delaying to the first available U/F slot may yield a same slot for many UEs in the system, causing transmission of all triggered aperiodic SRS at the same time that may lead to collision of the SRSs. Such collision may distort the accuracy of UL measurement resulting in a poor performance. Furthermore, given the potential degraded quality of measurement resulted from the collision, gNB may have to repeatedly trigger the aperiodic SRS for some UEs, resulting in further load and congestion in the system. 

Observation 1: The solution based on delaying of the aperiodic SRS transmission does not always work, and it could also have some negative impact on the load and congestion in the system. 

Proposal 1: Alt.1 that is based on delaying the aperiodic SRS transmission is not supported.  


2.3. DYNAMIC OFFSET INDICATION
By allowing the aperiodic SRS’s slot level offset to be configured by L1, a potential collision of SRS and other transmissions may be avoided. As such, an aperiodic SRS could be transmitted more flexibly and reliably with less overhead and latency. Therefore, to further increase the flexibility of aperiodic SRS, it is desired to dynamically control the SRS triggering offset where the indicated offset is used as a correction to the RRC configured value slotOffset. 

The benefits of indicating the triggering offset dynamically in a DCI or MAC CE are twofold. First, SRS transmission of UEs can be spread over many slots thus reducing the collision and measurement load for gNB. On the other hand, if needed, like the UL link channel measurement for MU-MIMO, several UEs can be triggered to transmit SRS in a same slot without causing any congestion on PDCCH load. 

Two-level offset indication 
As shown in Figure 1, a DCI can be used to indicate an offset  to be applied to the already configured time offset by RRC. In other words, a two-level offset configuration could be considered. In addition to the parameter slotOffset, a subset of relative offsets could be defined by RRC signalling for the aperiodic SRS triggering. An L1 message will then be used to select one of the relative offsets from the corresponding subset.  The chosen relative offset will be further used in configuring the slot to transmit the triggered SRS resources. For the DCI triggering aperiodic SRS in slot , the UE then transmits aperiodic SRS in each of the triggered SRS resource set(s) in slot



where  is configured via higher layer parameter slotOffset, and  is the corresponding relative offset configured via L1 signalling. Both  and  are based on the subcarrier spacing of the triggered SRS transmission. In order to achieve more flexible aperiodic SRS triggering with less overhead and latency, a UE may receive the slot level offset in a two-level offset configuration.

Observation 2: By indicating the triggering offset in a DCI, based on our need, we can either spread the SRS transmission by UEs over several slots, or direct them to transmit SRS within the same slot. 

Proposal 2: Support Alt.2 by indicating the triggering offset dynamically in DCI.

Proposal 3: The indicated offset should be used as a correction to the already RRC configured value slotOffset. 


[image: ]
[bookmark: _Ref47346808]Figure 1 – Two-level offset indication

Multi-SRS indication 
As stated earlier, each aperiodic SRS triggering imposes some overhead due to DCI that may lead to PDCCH congestion in a MU-MIMO scenario. Furthermore, the procedure involves some delay from the time of reception of the DCI to the actual SRS transmission. Thus, if multiple aperiodic SRS could be triggered at once, not only the overhead could be reduced, but also the delay interval would be decreased as it would be imposed only once. Triggering multiple aperiodic SRS in one single multi-SRS DCI can be considered a resource efficient mechanism, as a same configuration may be used for all of them. By advance indication of aperiodic SRS instances through the multi-SRS DCI, a more flexible and dynamic SRS triggering and transmission could be obtained. 
As shown in Figure 2, a multi-SRS indication where a bitmap defines the next  aperiodic SRS transmission opportunities can be used. Having the pattern of potential SRS transmission opportunities configured, MU-MIMO UEs may be triggered by a DCI to transmit in the next transmission opportunity. As such, the transmission of triggering DCIs can be spread over several slots to prevent a potential congestion on PDCCH.

Proposal 4: In order to achieve more flexible aperiodic SRS triggering and prevent PDCCH congestion, a UE can be configured with a multi-SRS indication which defines a set of SRS transmission opportunities. 



[bookmark: _Ref43997878][bookmark: _Hlk44064874]Figure 2 – SRS configured time pattern
[bookmark: _Hlk46150012]

3. CONCLUSIONS
In this contribution, enhancements for aperiodic SRS transmission were discussed. Based on the presented discussion, following observations and proposals are made,

Observation 1: The solution based on delaying of the aperiodic SRS transmission does not always work, and it could also have some negative impact on the load and congestion in the system. 

Observation 2: By indicating the triggering offset in a DCI, based on our need, we can either spread the SRS transmission by UEs over several slots, or direct them to transmit SRS within the same slot. 

Proposal 1: Alt.1 that is based on delaying the aperiodic SRS transmission is not supported.  
 
Proposal 2: Support Alt.2 by indicating the triggering offset dynamically in DCI.

Proposal 3: The indicated offset should be used as a correction to the already RRC configured value slotOffset. 

Proposal 4: In order to achieve more flexible aperiodic SRS triggering and prevent PDCCH congestion, a UE can be configured with a multi-SRS indication which defines a set of SRS transmission opportunities. 
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