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1. INTRODUCTION
Rel-17 WID on NR MIMO calls for some enhancements for Sounding reference signal (SRS)[1].  Per approved WID in RAN #86, the objectives of the enhancements are as follows,

	3. Enhancement on SRS, targeting both FR1 and FR2:
a. Identify and specify enhancements on aperiodic SRS triggering to facilitate more flexible triggering and/or DCI overhead/usage reduction
b. Specify SRS switching for up to 8 antennas (e.g., xTyR, x = {1, 2, 4} and y = {6, 8})
c. Evaluate and, if needed, specify the following mechanism(s) to enhance SRS capacity and/or coverage: SRS time bundling, increased SRS repetition, partial sounding across frequency
· 



2. BACKGROUND 
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 that are all considered as part of Rel-17 WID. In this contribution, we provide our perspectives on these topics. 


3. UE SOUNDING PROCEDURE ENHANCEMENT
3.1 SRS CAPACITY AND COVERAGE
In NR Rel. 16, SRS resources with up to 4 antenna ports are supported. The number of antenna ports can be , which is defined by higher layer parameter nrofSRS-Ports. The corresponding SRS resources can occupy  adjacent symbols within the last 6 symbols of the slot, which is defined by higher layer parameter resourceMapping. The resourceMapping parameter indicates the number of symbols, the starting symbol within the slot, and the repetition factor, where the starting position implies the number of symbols counted backwards from the end of the slot. If SRS is configured for positioning purposes, the resourceMapping can allocate  adjacent symbols anywhere within the slot.

SRS Coverage 
In NR Rel.16, the coverage and robustness of SRS can be enhanced by employing repetition and frequency hopping, which contribute to time and frequency diversity, respectively. The repetition factor has values  for , given by the field repetitionFactor contained in the higher-layer parameter resourceMapping if configured, otherwise . The SRS hopping parameters , , and  are defined by the higher layer parameter freqHopping to define the frequency position, within the slot in which the  symbol SRS resource is transmitted.
In the absence of frequency hopping, i.e. , each of the antenna ports of the SRS resource in each slot is mapped in all the  symbols to the same set of subcarriers in the same set of PRBs. When frequency hopping is configured without repetition, i.e. , each of the antenna ports of the SRS resource in each slot is mapped to different sets of subcarriers in each OFDM symbol, where the same transmission comb value is assumed for different sets of subcarriers. When both frequency hopping and repetition within an SRS resource in each slot are configured, each of the antenna ports of the SRS resource in each slot is mapped to the same set of subcarriers within each pair of  adjacent OFDM symbols, and frequency hopping across the  pairs is according to the SRS hopping parameters , and . For instance, considering 4 SRS symbols and repetition of 2, i.e.  and , the frequency hopping for each SRS symbol will be across the two repetition pairs. Furthermore, for the periodic or semi-persistent SRS resources, the frequency hopping could be configured both intra-slot and inter-slot for  symbols; whereas, it could only be configured as inter-slot for . As for the aperiodic SRS resources, the frequency hopping will be intra-slot hopping for   symbols SRS resources.

SRS Capacity 
In NR Rel.16, SRS capacity is defined through use of comb transmission and application of cyclic shifts. By adjusting the related parameters, multiple UEs may be accommodated for simultaneous SRS transmission. In the frequency domain, the SRS is aligned in blocks of 4 PRBs. The transmission comb is defined by higher layer parameter tranmissionComb that can be 2, 4, or 8, by which the capacity/ the number of UEs increases 2, 4, or 8 times, respectively. The cyclic shifts are configured by higher layer parameters cyclicShift-n2, cyclicShift-n4, or cyclicShift-n8 corresponding to transmission combs 2, 4, and 8, where the maximum number of cyclic shifts could be 8, 12, and 6, respectively.

Proposal 1: Enhance the SRS capacity and coverage by allowing more number of SRS symbols, repetition, and frequency hopping in each SRS slot.

Proposal 2: Optimize the SRS bandwidth configuration and frequency hopping for a more diversity in time and frequency through the SRS resources.


3.2 SRS ANTENNA SWITCHING
SRS antenna switching is devised to provide an accurate downlink CSI estimation when the number of RX chains is higher than TX chains.  In NR Rel.16, several xTyR configurations for SRS antenna switching are considered, namely; x = {1, 2} and y = {1, 2, 4}. Given the increasing reception capability of UEs by adopting more antennas, the dimensionality of antenna switching should be further expanded to include up to 8 RX and 4 TX chains so that more capable UEs can support acquiring more accurate CSI. That said, an excessive introduction of new combinations that will not have any practical use and lead to unnecessary complication of UE operation should be avoided.
 
[bookmark: _Hlk46148206]Proposal 3: For SRS antenna switching, consider only combinations that have practical importance and usage.


3.3 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 also different periodicities for SRS resources within a same SRS resource set.
 
If triggered to be transmitted on the same symbol(s), the aperiodic SRS has transmission priority over periodic and semi-persistent SRS. Also, the aperiodic SRS has priority over PUCCH, if it is triggered to be transmitted on the same symbol, except when PUCCH is carrying HARQ-ACK, link recovery request and/or SR.

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 [2].
 
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 the 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

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. 

When a UE receives the DCI triggering an aperiodic SRS, the slot level offset to send the aperiodic SRS depends on the 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. For instance, if there is a priority issue between aperiodic SRS and the PUCCH (carrying HARQ ACK), the SRS might be dropped. As another example, if the indicated slot offset happens to point to a DL slot, SRS will not be sent at all. 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. 

Two-level offset indication 
As shown inFigure 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. 

Proposal 4: 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. 

Proposal 5: A DCI can be used to indicate an offset to be applied to the already configured time offset by RRC.

[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.



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


[bookmark: _Hlk46150012]Proposal 6: 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. 







4. CONCLUSIONS
This contribution discussed potential enhancement of SRS and propose:

[bookmark: _Hlk47365143]Proposal 1: Enhance the SRS capacity and coverage by allowing more number of SRS symbols, repetition, and frequency hopping in each SRS slot.

Proposal 2: Optimize the SRS bandwidth configuration and frequency hopping for a more diversity in time and frequency through the SRS symbols.

Proposal 3: For SRS antenna switching, consider only combinations that have practical importance and usage.

Proposal 4: 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. 

Proposal 5: A DCI can be used to indicate an offset to be applied to the already configured time offset by RRC.

Proposal 6: 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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