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Introductions
In RAN#86 meeting, WID [1] on further enhancement of NR MIMO was approved which includes enhancement on SRS, which is copied below for reference.
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
In RAN1#102-e meeting [2], following agreements were made:
Agreement
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.
Agreement
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..
Agreement
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..
Agreement
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..
Agreement
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.

From the scope in the WID and above agreements, SRS enhancement for both FFR1 and FR2 can be considered in following four aspects:
1. Aperiodic SRS triggering;
2. Usage reduction;
3. SRS switching extension;
4. SRS capacity and/or coverage enhancement.
In this contribution, we will analyze these aspects and also provide link level evaluation results for capacity/coverage enhancement. 
Aperiodic SRS triggering
Possible alternatives of flexible triggering 
In Rel-15 and Rel-16, slot offset is RRC configured per SRS resource set for aperiodic SRS, which means even there are multiple SRS resources in a set the slot offset is same for all SRS resource. The triggering offset is the number of slots between the slot where PDCCH triggers the aperiodic SRS and the slot in which SRS is transmitted. Since slot offset is semi-statically configured, there is restriction on which slots gNB can send PDCCH to trigger aperiodic SRS in TDD system where there are few UL slots. Due to limited slots where PDCCH may be sent for triggering aperiodic SRS, PDCCH congestion will be a significant issue. There are few possible alternatives of flexible triggering can be considered as listed below.
· Alt1: Delaying of SRS transmission, similar as in LTE
This alternative is similar to LTE where the slot indicated by a slot offset is not fixed for SRS transmission. The slot offset for aperiodic SRS is RRC configured, after PDCCH triggers aperiodic SRS in slot n actual SRS transmission occurs on slot n + ‘slot offset’ or later which is a valid slot for UL transmission. Valid slot for UL transmission can be an UL slot or slot S with UL symbols. However, aperiodic SRS transmission in NR is different than in LTE, for example an SRS resource can span more than 1 OFDM symbol, there are multiple SRS resources with gap in between for antenna switching in a set, and in some cases multiple SRS resources for antenna switching are in two sets transmitted in two consecutive slots. Thus, definition of a valid UL slot should be clarified in this alternative. 
· Alt2: Delaying of SRS transmission with a time span limitation
Similar with LTE-like scheme, in this alternative SRS transmission time span is introduced upon Alt 1. A UE transmits an SRS resource triggered by DCI after the configured slot offset which may be delayed until valid slot but limited within a fixed or configurable time domain span, the time span could be the number of slots beginning from the slot or the number of slots beginning from the slot n + ‘slot offset’. If the UE fails to transmit SRS resource within this time domain span, the UE drops this SRS transmission. 
· Alt3: Delaying of SRS transmission with a time span limitation in slots, and re-defining slot offset
The slot offset configured by higher layer is interpreted as the offset among the valid slots where a slot is considered as valid if there are available UL symbol(s) for the configured time-domain location(s) in a slot for all SRS resources in the triggered resource set. For example, if the slot offset value equals to 2 is configured, then the UE shall transmit the triggered SRS on the 2nd valid slot after the slot where triggering PDCCH is transmitted. However, if more than 1 SRS resource sets are triggered by one DCI, two SRS may collide in same slot due to delayed transmission even though two SRS resource sets are configured with different slot offsets. Thus, definition of a valid slot for the case of multiple SRS resource sets triggered by one DCI should be further clarified.
· Alt4: Flexible offset control via DCI
In this alternative, slot offset for aperiodic SRS transmission is indicated in triggering PDCCH (DCI). gNB can trigger aperiodic SRS in any slot and flexibly indicate the slot offset. This alternative is least complicated with better flexibility however a significant work is required on DCI design. Hence, how to decrease DCI design workload with flexible slot offset indication is the most critical issue in this alternative.
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Alt5: Delaying of SRS transmission with a time span limitation in slots, and extra valid slot indication
In order to not to overhaul SRS framework and slot offset configuration in Rel-17 with considering backward compatibility, an extra valid slot offset indication can be signaled using DCI or RRC for transmitting SRS on its indicated valid slot after slot n + ‘slot offset’ where slot n and slot offset represents slot for received PDCCH and slot offset configuration for an SRS resource set. The extra valid slot offset is indicated by DCI or RRC, compared with above alternatives, can provide more flexibility in terms of actual SRS transmission slot with minimal increase in DCI overhead and/or RRC configuration. In other words, Alt 5 is combining above three alternatives, i.e. Alt 2, Alt3 and Alt4, for better backward compatibility with more flexible slot offset indication.
To sum up, among above alternatives, Alt 3 is another method of delaying SRS transmission whose target is to locate in a valid slot, but it raises the concept of valid slots not only in delaying transmission but also in the first transmission slot location. It is better to keep same slot offset definition in Rel-17 with LTE-like delaying of SRS transmission scheme. However, only first valid slot offset can be used for delaying SRS transmission for Alt 2, which will cause SRS congestion on the first valid slot. Besides, Alt 4 is the most flexible method for slot offset indication of an aperiodic SRS resource set. It deserves to further study flexible offset control without significant work on DCI design. For Alt 5, it achieves more flexible slot offset indication, better backward compatibility, we thus propose,
Alt5, i.e. Delaying of SRS transmission with a time span limitation in slots, and extra valid slot indication, is supported for flexible transmission of aperiodic SRS.
Support dynamic slot offset indication via DCI.
On valid slot 
If more than one aperiodic SRS sets are triggered at the same time by one DCI with same extra valid slot offset indication in Alt 2, Alt 3 and Alt5, the SRS resources in these sets should be configured in non-overlapping symbol(s) in one slot, which is guaranteed by network configuration. However, it is possible that same slot offset with overlapped symbol(s) is configured for two aperiodic SRS resource sets triggered by one DCI, e.g. one of two SRS resource set is for codebook-based transmission and another is for DL CSI acquisition (antenna switching). Therefore, the UE does not transmit these two SRS resource sets as no slots are satisfied valid slot definition. 
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Figure 2-1: Collision with different SRS valid slot offset indication
Besides, if different valid slot offset is indicated for each aperiodic SRS resource set triggered by one DCI, it is possible that transmission of 2 or more SRS resource sets are delayed such that SRS resources in multiple sets fall in one slot. For example, as depicted in Figure 2-1, slot offset is configured to 0 for simplifying valid slot issue, and valid slot offset is equal to 2 and 1, which indicates the 2nd valid slot and the 1st valid slot after slot n +slot offset (‘0’), for the SRS resource set 1 and SRS resource set 2, respectively. Without considering overlapped symbol configuration between these two SRS sets, by definition slot n+1 and slot n+2 are valid slots thus according to valid slot offset the UE is supposed to transmit SRS set 1 in second valid slot, that is slot n+2. By contrast, since the symbols (shown in yellow in Figure 2-1) in slot n+1 are occupied by another channel/signal, slot n+2 is the first valid slot for SRS set 2. However, SRS set 1 and SRS set 2 are overlapping on symbol level, which means slot n+2 is not a valid slot for SRS set 1 and set 2, and subsequently no valid slot can be found.  To avoid such scenario, some principle of priority to determine in valid slot should be considered.
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Figure 2-2: Priority bases on increasing SRS resource set ID
With the same SRS configuration as in Figure 2-1, priority based on increasing SRS resource set ID can be considered, e.g. set 1 is transmitted first and set 2 is further postponed when collision happens as shown in Figure 2-2. Which means slot n+2 is the 2nd valid slot for transmitting SRS resource set 1 and slot n+4 is the 1st valid slot for SRS resource set 2 transmission.
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Figure 2-3: Priority bases on increasing value of slot offset
[bookmark: _Hlk47383469]Similarly, in Figure 2-3, SRS resource set 2 is the first priority which seeks valid slot for SRS transmission with priority based on increasing value of slot offset, thus SRS set 2 is transmitted in slot n+2 as its 1st valid slot. For SRS set 1, slot n+4 is the 2nd valid slot for SRS transmission as conflicting with another channel/signal in slot n+2. 
Therefore, it can be easily found that different priority principle may bring entirely different SRS transmission interpretation between gNB and UE side even with same configuration. 
Different priority principles may bring entirely different SRS transmission interpretation even with same configuration.
It should be further studied how to resolve SRS resource sets collision when more than one SRS resource sets are triggered by one DCI, e.g. ordering principle for determining valid slot.
Consider an ordering principle of increased or decreased SRS resource set ID for valid slot determination.
On dynamic slot offset indication
In current specification, aperiodic SRS can be triggered by UL DCI format 0-1 and 0-2 in the following scenarios.
· Scenario 1: scheduling PUSCH
· Scenario 2: UL-SCH = 0 with non-zeros CSI request indicator 
In scenario 2, both of aperiodic SRS resource set and aperiodic CSI measurement without CSI report can be triggered by same UL DCI, while some DCI fields are unused since no PUSCH scheduling. In this case, some unused DCI fields can be used to indicate A-SRS slot offset. For example, 5 bits MCS field can be used to indicate slot offset for the aperiodic SRS resource set triggered by the SRS request field. Similarly, other fields, such as TPC, SRI, HARQ fields etc., can also be used. Besides, UL-SCH = 0 without CSI request indicator is not supported in current specification, which means aperiodic SRS cannot be triggered without scheduling PUSCH and/or triggering aperiodic CSI report. If UL-SCH = 0 with all-zeros CSI request indicator is allowed, some of the DCI fields can be re-interpreted for indicating slot offset for A-SRS.
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Figure 2-4: Slot offset combination scheme
Another aspect to consider is how to interpret actual slot offset, when RRC configured slot offset is non-zero and also indicated in DCI. The UE can determine actual slot offset by combining two slot offsets configured in RRC and indicated in DCI. For example, as shown in Figure 2-4, an aperiodic SRS is transmitted in slot n + 3 in Rel-15/Rel-16 triggering mechanism or slot offset combination scheme with slot offset = 0 indicated in DCI; or the SRS transmission occurs on slot n + 6 as 3 slots offset indicated in DCI with addition of 3 slot offset configured by RRC. With this approach, gNB can trigger aperiodic SRS in any slot and flexibly indicate the slot offset.
We thus propose, 
Allow UL DCI for triggering aperiodic SRS with UL-SCH = 0 with all-zeros CSI request indicator.
At least MCS field can be re-interpreted for indicating slot offset of A-SRS resource set if UL-SCH = 0 with/without CSI request indicator.
Support combining slot offset values indicated in both of RRC and DCI signaling.
Overhead and Usage reduction
[bookmark: _Hlk47386897]SRS for codebook used for DL CSI acquisition
In Rel-15, gNB configures SRS set with usage ‘antenna switching’ for DL CSI acquisition and SRS set with usage ‘codebook’ for UL CSI acquisition separately. For example, for a UE with 2 Tx and 2 Rx antennas, gNB still has to configure separate SRS sets for 2T2R antenna switching (actually there is no antenna switching operation at the UE) and 2 Tx codebook-based operation. Although the specification does not prevent the SRS resource in these two SRS resource sets having same SRS resource ID, this implies that gNB always has to configure two SRS resource sets with same time domain behavior related to same SRS resource. 
Besides, when these two sets are configured as aperiodic with different slot offset configuration, UE will transmit both of them in different time locations if triggered separately or if configured with different slot offset. As a consequence, it causes unnecessary signaling overhead in both of RRC configuration and/or DCI triggering as well as UL transmission resources. 
Therefore, it can be seen that current implementation approach for different usage sharing scheme is not sufficient. And for the case of antenna switching with xTxR, the SRS resource set with usage ‘codebook’ or ‘antenna switching’ can be used for either DL CSI acquisition or UL CSI acquisition. In considering of different antenna virtualization implementation in different usage, we thus propose at least SRS resource set with usage of codebook can be used for DL CSI acquisition in the case of xTxR.
SRS resource set for ‘codebook’ or ‘antenna switching’ should be configured separately.
For the case of two SRS resource sets related to same SRS resource, same time domain behavior should be configured across these two shared SRS resource sets.
UE may transmit an SRS resource twice at different time locations for acquiring DL CSI and UL CSI.
Current implementation approach for different usage sharing scheme is not sufficient.
At least support SRS resource set with usage of codebook to be used for DL CSI acquisition in the case of xTxR.
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Figure 3-1: Normal resource sharing scheme for codebook and antenna switching
Furthermore, SRS resource set configured for xTyR with periodic or aperiodic, one of the SRS resources can be used for UL CSI acquisition where SRS with usage ‘codebook’ is not configured. For example, a UE supporting 2T4R capability is configured with SRS resource set with two 2-port SRS resources and usage ‘antenna switching’ and/or one 2-port SRS resource with usage ‘codebook’ as shown in Figure 3-1. Current spec allows overlapping configuration of SRS resources for ‘codebook’ and ‘antenna switching’, and triggering of both SRS sets simultaneously. However, when gNB triggers SRS resource set for ‘antenna switching’ only, one of SRS resources (e.g. SRS resource 0) in antenna switching set can be used for UL CSI acquisition, that means gNB derives CSI for PUSCH scheduling based on resource 0 and the UE shall transmit PUSCH using same antenna(s) used for transmission of resource 0. This gives flexibility in SRS configuration and aperiodic triggering while reducing RRC configuration and PDCCH overhead. 
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Figure 3-2: Resource sharing for codebook and antenna switching with different time domain behavior
Above example of SRS resource sharing is limited by same time domain behavior across shared SRS sets. However, similar approach can be utilized for SRS resource sharing in the case of SRS sets configured with different time domain behavior. Similarly, take an example of 2T4R capable UE, gNB configures 2-port periodic SRS with usage ‘codebook’, and SRS set with usage ‘antenna switching’ can be configured with one 2-port SRS resource on different symbols than the SRS for ‘codebook’ and preserving at least one symbol gap in between as shown in Figure 3-2. In this case gNB can aperiodically trigger one SRS resource for ‘antenna switching’, UE transmits SRS resource for ‘antenna switching’ using different antennas than those used to transmit SRS for ‘codebook’. 
More specifically, one SRS resource can be reused for two different usage of codebook and antenna switching with different time domain behavior, and number of SRS resources in the set of enhanced antenna switching is less than the number of SRS resource specified in Rel-15 antenna switching set. Antenna switching SRS can be triggered aperiodically on the same slot when periodic SRS for codebook is transmitted. We thus propose,
Support resource sharing scheme for usage ‘antenna switching’ and ‘codebook’ configured with different time domain behavior.
SRS for antenna switching used for UL CSI acquisition
Similarly, when SRS for ‘antenna switching’ can be naturally utilized for UL CSI acquisition, in this case at least same antenna virtualization shall be maintained by UE for transmission of SRS which is being shared for usage ‘codebook’ and transmission of subsequent PUSCH. Although there are multiple SRS resources in a set for ‘antenna switching’, when gNB schedules PUSCH a TPMI is indicated without SRI which is implicitly corresponding to one of the SRS resources in the set. 
At least for the case of same antenna virtualization between antenna switching and codebook-based transmission, considering one of antenna switching resource can be used for UL CSI acquisition.
Above, the discussion is mainly focused on SRS resource sharing for xT codebook and xTyR antenna switching, whose value of T is equal. Below, we analyze a case of SRS resource sharing with different value of transmitting port for codebook and antenna switching. For example, a UE supports 2Tx for codebook and 1T4R for antenna switching, for such a UE gNB configures one 2-port SRS resource and four 1-port SRS resources that are configured on different symbols or different slots if only last 6 symbols in a slot can be used for SRS resource. Now the question is whether of the four 1-port SRS resources can be shared with 2-port SRS resource. For 2Tx UE configured with 2-port SRS resource, both ports are configured on same symbol with shared power between two Tx (or two ports), i.e. if total transmission power is P then each Tx transmission power is P/2. 
[image: ]
Figure 3-3: 2Tx codebook and 1T4R antenna switching resource sharing
If one of the SRS resources for 1T4R antenna switching is shared with 2-port SRS, one possible SRS resource configuration is as shown in Figure 3-3. 2-port SRS is transmitted using 2 Tx antennas, and 1-port SRS resource is transmitted using 1 Tx antenna. From RAN1 perspective, it is unclear whether specific UE hardware design for Tx antennas switching is considered for such SRS resource sharing. Further clarification and discussion are needed on viability and usefulness of such type of SRS resource sharing.
Whether SRS for 2 Tx codebook-based operation and SRS for 1T4R antenna switching can share resource needs further discussion.
SRS for codebook and BM
In NR Rel-15/16, only one SRS resource set can be configured with up to two SRS resources with usage ‘codebook’, and one of purpose of configuring two SRS resources could be to support transmission of SRS resources with different spatial relation information which means SRS resources with different spatial relation information within a set can be used to indicate different UL beams. However, two UL beams may be sufficient for FR1 deployment. More beams, such as 4 or 8 beams, are needed for efficient operation in FR2, thus increasing maximum number of SRS resources within a set with usage ‘codebook’ can be considered in Rel-17.
Since spatial relation information is semi-statically configured on SRS resource level and large number of SRS resources within a set will increase DCI overhead. Similar to TCI states in DCI, MAC CE activation of subset of SRS resources can be considered as well as updating spatial relation information. A UE only transmits activated SRS resources within a set thus limiting the size of SRI field in DCI. In our view, at least the current size of SRI field should be extended to support dynamic beam indication in UL.  
Allow extending the number of SRS resources in an SRS resource set with usage of ‘codebook’ and resource sharing between codebook and beam management for more flexible UL beam indication.
SRS switching extension
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Rel-16 supports flexible configuration of SRS resources for variety of antenna switching capabilities with up to 4T4R. While NR feMIMO WID [1] scope includes up to 8 Rx antennas at UE for antenna switching, from handset vendor’s perspective, such large number of RX antennas is not a typical use case for handheld phone, special terminals such as laptops, CPEs may be implemented with larger number of antennas. 
Based on the WID scope [1], 6 new combinations of (x,y) in total shall be considered for SRS switching extension, i.e., (x, y) = (1, 6), (1, 8), (2, 6), (2, 8), (4, 6), (4, 8). Among these combinations, (1,6) and (1,8) may not be typical deployment scenario considering terminals such as laptops and CPEs will support more than 1Tx, and to support such antenna switching schemes SRS resources at least spans 11 and 15 symbols considering 1 symbol gap between 2 SRS resources, respectively. Considering 6 symbol locations in Rel-15, SRS resources for combination of (1, 8) will spread across 3 slots, which will further complicate aperiodic triggering such an SRS set. Hence, in our view, combination of (1, 6) and (1, 8) are not typical antenna switching combinations for handheld devices as well as laptops or CPEs. For the use case of (x, y) = (4, 6), it looks weird as how antenna switching will work, hence we suggest to preclude this combination from SRS antenna switching enhancement.
To support SRS switching extension, the number of SRS symbols per slots is another factor to be considered in advance. If more than last 6 symbols can be used for SRS, SRS resources configuration and aperiodic triggering maybe less complicated. 
As per the above discussion, we show the combinations of interest in Rel-17 SRS antenna switching extension in the following table.
Table 1: Configuration of SRS resource and SRS resource set for different antenna switching combinations
	Antenna switching combinations
	Number of SRS resources per set
	Number of SRS resource sets
	[bookmark: _Hlk46776771]Extended SRS symbols capability
	Suggestion

	2T6R
	1
	3
	-
	No need

	
	3
	1
	-
	Support

	2T8R
	1
	4
	-
	No need 

	
	2
	2
	-
	support with condition

	
	4
	1
	required
	Support with condition

	4T8R
	1
	2
	-
	No need

	
	2
	1
	-
	Support



In the following discussion we use notation {m, n} to represent ‘n’ SRS sets with ‘m’ resources in each set. From the above table, configuration of 4T8R, which is similar with 1T2R and 2T4R, the UE is configured with 1 SRS resource set includes 2 resources with same time domain behavior transmitted in different symbols, i.e. {2, 1}. In order to keep same principle as in Rel-15, SRS configuration of {1, 2} for 4T8R antenna switching enhancement should not be considered. Similarly, for 2T6R antenna switching, only SRS set configuration of {3, 1} is supported.
For 2T6R and 4T8R, support SRS set configuration of {3,1} and {2,1}, respectively.
Since Rel-16 NRU supports SRS configuration on any symbol within a slot, it is natural that Rel-17 supports this feature as well. In this case, SRS set configuration of {4, 1} will be optimal choice for 2T8R antenna switching. On contrary, 2 SRS resource sets will be required at least of aperiodic triggering with Rel-15 symbol locations, where each SRS resource set has 2 SRS resources transmitted in different symbols, i.e. {2, 2}.
For 2T8R, SRS set configuration of {4, 1} can be supported with extended SRS symbols positions within a slot.
For 2T8R, SRS set configuration of {2, 2} will be required with Rel-15 SRS symbol positions within a slot.
For 2T8R, consider supporting both SRS set configurations of {2, 2} and {4, 1}.
[bookmark: _Hlk47376307]In FR2, concept of antenna panel is mostly used, where a panel may represent an integrated module including at least transceiver and antenna(s). Assuming dual-polarized antenna array structure, it can be envisioned there are at least two antenna ports per panel. And, it can also be assumed that the number of TX antenna port are equal to RX antenna port number per panel, hence antenna switching may only take place across panels. However, intra-panel switching may also occur between two polarizations within a panel if hardware design so, where the switching across two polarizations would be faster than switching across panels. Besides, based on MPUE assumption 1 and assumption 3, i.e. whether only one panel is active at a time or multiple panels are active simultaneously but only one panel is used for transmission, the distinction between these two assumptions will lead to different panel switching period requirements. Both MPUE 1 and MPUE 3 should be considered in SRS antenna switching enhancement in FR2.
[bookmark: OLE_LINK4]In FR2, it should be further studied whether to support intra-panel switching.
The impact of MPUE assumption should be considered into SRS antenna switching enhancement.
SRS capacity and/or coverage enhancement
Simulation assumption
According to the agreed simulation assumptions in RAN1#102-e [2], the following basic LLS simulation assumptions are adopted for partial sounding, repetition and time bundling evaluation. 
Table 2: Basic simulation assumption for partial sounding, repetition and time bundling evaluation
	Parameter
	Value

	Metric
	UL/DL BLER or throughput

	Baseline
	Rel-15 SRS 

	Carrier frequency, SCS, System BW
	FR1: 3.5GHz, 30kHz, 20 MHz

	Channel model
	CDL-B in TR 38.901 with 300ns delay spread 

	UE speed
	3km/h 

	Number of UE antennas 
	4T4R with (M, N, P) = (1,2,2), (dH, dV) = (0.5, 0.5) λ,

	Number of gNB antennas
	64T64R with (M, N, P) = (4,8,2), (dH, dV) = (0.5, 0.8) λ,

	UE antenna configuration
	FR1: omni as baseline

	Rank, precoder and MCS 
	Precoder is adaptive. 
Rank/MCS is adaptive with olla for throughput.
Rank/MCS is fixed for BLER with QPSK.

	HARQ
	Enabled for throughput
Disabled for BLER

	Precoding granularity
	wideband/PRG2 for DL
wideband for UL.

	SRS periodicity 
	20 slots

	SRS Comb
	Comb 2, 4, 8 for partial sounding
Comb 4 as baseline for repetition/time bundling

	R
	1 for partial sounding
1,2,4 and 8 for repetition

	Frequency hopping
	Enabled for partial sounding with  = 4
Disabled for repetition/time bundling

	DL SNR
	Enabled difference between DL SNR and UL SNR for DL evaluation

	Phase coherency
	Enabled for inter-slot repetition/time bundling
Random phase rotation of each SRS transmission is modeled as a uniform distribution between [-max, max ] within a time window of Twindow
· max 
· 40 degrees
· Twindow = 20ms



Throughput evaluation can directly reflect the performance of a system with continual OLLA adjustment with HARQ retransmission in both UL/DL transmission. BLER performance with fixed rank/MCS shows the impact of first UL/DL transmission in a SINR value range. Throughput or BLER results are provided for different evaluations in the section 5.2 to 5.4, however the metric of throughput is more intuitive and critical than SINR. Thus, throughput evaluation should be considered with higher priority for LLS evaluation especially for partial sounding scenario while the BLER results can be supplementary. 
Moreover, gNB configures SRS set with usage of ‘antenna switching’ for DL CSI acquisition and SRS set with usage of ‘codebook’ for UL CSI acquisition corresponding to PDSCH transmission and PUSCH transmission separately. Although, the impact of DL CSI maybe more sensitive than UL CSI for the following PDSCH or PUSCH transmission due to coarse codebook and wideband precoding in UL, we believe the requirement of different purposes of these two usages should be both considered in SRS capacity and/or coverage enhancement evaluation. 
For evaluation of UL CSI evaluation, antenna configuration of 64T64R with (M, N, P) = (4,8,2) which is mapped to 32 TXRU at gNB side is assumed, and 4 antennas is one to one mapped to 4 antenna ports at UE side. By contrast, 4 TXRU is mapped to the same antenna configuration at gNB for evaluation of DL CSI performance.
For DL performance evaluation, both of CSI-RS and SRS are transmitted with different output power as UL power restriction in UE side especially for cell edge users, and delta SNR between DL and UL should be considering due to different occupied PRBs per transmission if SRS is configured with hopping scheme. Thus, the difference between DL and UL SNR should be introduced into DL simulation assumption. The factors impacting SNR difference are given in table 3 below, and 0 dB for others represents the factors which are considered identical in both gNB and UE side such as insertion loss, pathloss and shadowing, etc. Thus, based on receiver SNR calculation, -19 dB and -8 dB of UL/DL SNR difference is assumed for SRS transmission without hopping scheme and SRS transmission with 4 PRBs per hopping scheme in DL evaluation, respectively.   

[bookmark: _Hlk47979827]Table 3: DL/UL SNR difference for DL evaluation
	Impact factors
	units
	SRS without hopping
	SRS with hopping,4PRBs

	white noise
	dBm/Hz
	-174
	-174

	gNB Tx Power 
	dBm
	46
	46

	gNB transmission bandwidth
	PRBs
	52
	52

	gNB noise figure
	dB
	5
	5

	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]UE TxPower
	dBm
	23
	23

	UE transmission bandwidth 
	PRBs
	52
	4

	UE noise figure
	dB
	9
	9

	others
	dB
	0
	0

	UL/DL SNR difference 
	dB
	-19
	~ -8(-7.86)



Partial sounding
[image: ]
Figure 5-1: Partial sounding realized in Rel-15 with = 7
Partial sounding is supported with some of SRS parameter configurations in Rel-15, such as, ,,and  , for an SRS resource. For example, shown as in Figure 5-1, an SRS is transmitted in a full configured band from PRB 0 to PRB 23 in figure (a), while configuration with   and  in (b) limits SRS transmission in half of SRS bandwidth compared to full bandwidth in (a) without SRS frequency hopping. In figure (c), SRS hops among subbands in upper half of sounding bandwidth or lower half of sounding bandwidth. In figure (d) only one subband is sounded. From above examples, it illustrates a basic partial sounding can already be realized with proper configuration of the parameters. Thus, to improve flexibility in gNB scheduling and/or power boosting in UE transmission, i.e. capacity and/or coverage enhancement, an enhanced partial sounding in frequency domain can be considered with/without SRS hopping in Rel-17.
Partial sounding on subband level
[image: ]
Figure 5-2: Enhanced partial sounding with hopping number restriction or bitmap signaling
For SRS hopping, hopping number restriction can be introduced for enhanced partial sounding. Specifically, an SRS is configured with certain hopping pattern, and SRS transmission is dropped after hopping number restriction is reached, which is counting from the subband indicated by value of  in the SRS resource. The range of hopping number restriction signaling should not be larger than the SRS hopping number within a hopping period in one SRS configuration. As illustrate in Figure 5-2, an SRS is configured with  = 14,, and , i.e. 52 PRBs bandwidth with 4 PRBs hopping bandwidth of each subband and begins from the first PRB in the SRS, SRS is transmitted 3 times only with hopping number restriction configured and rest of transmission occasions are dropped in a SRS hopping period. Another way of signaling is to indicate frequency domain bitmap to achieve same effect, for example a bitmap of 1000001000001 where bit size is equal to the number of hopping subband within an SRS hopping period is indicated to the UE. In this case, the bit value of 1 in the bitmap indicates a subband enabled for SRS transmission, while others are muted, thus flexible subband controlling mechanism with non-continuous subband sounding can be realized.
Consider hopping number restriction mechanism and/or bitmap indication method on subband level partial sounding enhancement.
Partial sounding within a subband
[image: ]
Figure 5-3: Pattern-based method 
Partial sounding mechanism described in section 5.2.1 is effective on subband level; SRS transmission restriction on PRB level within a subband should be also considered, such as pattern-based indication within a subband and larger comb value. Both options enable extra power boosting and increase frequency domain multiplexing by decreasing the number of occupied resources within a subband. Figure 5-3 as an example, pattern with 1111 represents all PRBs, i.e. 4PRBs, within a subband are used for SRS transmission. Only two middle PRBs are used for transmission with pattern 0110, and the edge PRBs with a subband are used for SRS transmission in pattern 1001. Similarly, pattern with 1010 and pattern with 0101 uses the 1st and 3rd PRB, and, the 2nd and 4th PRBs, within a subband respectively for SRS transmission. 
Patterns 1010 and 0101 are similar with different PRB offset, thus the performance of 1010 pattern is nearly identical to that of pattern 0101. Thus, only pattern with 1010 is considered in the following evaluations. Besides, to keep same output power among above partial sounding methods, comb 4 with 1111 pattern and comb 2 with other patterns can achieve 3 dB power boosting than comb 2 with 1111 pattern for SRS transmission. And with similar principle, 6 dB power boosting can be achieved in the case of comb 8 with 1111 pattern and comb 4 with other patterns.
a) comb 2 vs comb 8 for PRG2
b) comb 4 vs comb 8 for PRG2
c) comb 2 vs comb 8 for wideband
d) comb 4 vs comb 8 for wideband

Figure 5-4: DL BLER without SRS hopping, for different comb patterns
In Figure 5-4, normal comb scheme with value of 2, 4 and 8 is used for performance comparison with pattern-based method with comb value of 2 and 4. From the above 4 subplots, it can be seen that DL BLER results are almost same across different comb values with or without pattern-based scheme. Especially for pattern-based scheme, there is no obvious advantages and disadvantages across above 3 patterns, i.e. comb value with 1001, 1010 and 0110. 
No obvious advantages and disadvantages across pattern-based schemes without SRS hopping in DL BLER performance comparison. 
[image: ]
Figure 5-5: DL BLER with PRG2, without SRS hopping, for different comb patterns vs comb 8
[image: ]
Figure 5-6: DL BLER with wideband, without SRS hopping, for different comb patterns vs comb 8
As no obvious gain achieved across different pattern-based configurations, we will compare one of pattern-based configuration in comb 2 and comb 4 with comb 8 with 1111 in above two figures. In figure 5-5 and figure 5-6, comb 8 with normal configuration achieves some performance gain in DL BLER compared with pattern-based scheme in both situation of precoding granularity equal to wideband and PRG 2.
Large comb value without SRS hopping achieves some performance gain in DL BLER compared with others.
a) comb 2 vs comb 8 for PRG2
b) comb 4 vs comb 8 for PRG2
c) comb 2 vs comb 8 for wideband
d) comb 4 vs comb 8 for wideband

Figure 5-7: DL BLER with SRS hopping for different comb patterns
PDSCH performance without hopping-based SRS transmission has been evaluated in the above figures, we will compare DL BLER performance within SRS hopping in the following simulation results. The main differences between SRS hopping transmission and SRS wideband transmission are UL/DL SNR difference and DL subband CSI periodicity. As illustrated in section 5.1, -19 dB SNR difference is set in wideband transmission, while approximately -8 dB UL/DL SNR difference is achieved PDSCH transmission with each SRS transmission hopped in 4 PRBs per hopping bandwidth.
In above subplot a) and b), the performance of comb 2 with 0110 is slightly better than comb 2 with 1001 and comb 2 with 1010 as well as performance of comb 4 with 0110, while no obvious gain achieved across different pattern-based configurations in subplot c) and d) for wideband precoding granularity. Besides, it can be found easily that the best performance is also achieved in normal comb 8 scheme compared with comb 2 configurations. However, similar performance in DL BLER is achieved between comb 8 and comb 4 with normal configuration or pattern-based configurations. Thus, from above all, comb 8 with 1111 has the best performance and then followed by pattern 0110. 
Comb 8 with 1111 has the best performance gain and then followed pattern-based configuration of 0110 in SRS hopping mechanism in DL BLER comparison.
[image: ]
Figure 5-8: UL BLER with SRS hopping for different comb 2 patterns vs comb 8
[image: ]
Figure 5-9: UL BLER with SRS hopping for different comb 4 patterns vs comb 8
For UL BLER comparison in figure 5-8 and figure 5-9, the performance is almost same across different comb values with pattern-based scheme, and comb 2 with 1111 and comb 4 with 1111 has the worst performance compared with pattern-based scheme with comb 2 and comb 4, respectively. Some UL BLER gain is obtained in comb 8 with 1111 compared with comb 2 with pattern-based scheme, while similar performance has achieved between comb 8 with normal configuration and comb 4 with pattern-based scheme.
[image: ]
Figure 5-10: UL BLER with SRS hopping for different comb patterns vs comb 8
To observe the performance gap between comb 8 with 1111 and pattern-based scheme clearly, we compare comb 2 with 0110, comb 4 with 0110 and comb 8 with 1111 in figure 5-10. The observation is similar in DL BLER comparison. Comb 8 with 1111 brings the best performance and then followed by comb 4 with 0110, while the performance of comb 2 with 0110 is slightly worse than that of comb 4 with 0110. Therefore, same observation can be found,
Comb 8 with 1111 has the best performance gain and then comb4 with 0110 in SRS hopping mechanism in UL BLER comparison.
The performance of comb 2 with 0110 is slightly worse than that of comb 4 with 0110
Large comb value with SRS hopping achieves some performance gain in UL BLER compared with others.
[image: ]
Figure 5-11: The performance of DL throughput with SRS hopping for different patterns
[image: ]
Figure 5-12: The performance of UL throughput with SRS hopping for different patterns
In figure 5-11, although the performance difference of DL throughput is not obvious among the performance of different comb values with or without 0110 pattern, comb 8 with 1111 has the best DL throughput performance from -12 dB to 2 dB SNR range. In figure 5-12, the observation is slightly different for UL throughput compared to DL throughput. Comb 8 with 1111 brings suboptimal PUSCH performance in comparison with comb 2 with pattern-based mechanism in high SNR range. And both of comb 2 with 1111 and comb 4 with 1111 have the best performance, while comb 2 with 0110 brings the worst UL performance among SNR ranges. Thus, it can be easily observed that large comb value has the best performance in DL throughput comparison, and the performance of normal comb scheme is better than pattern-based configuration in UL throughput comparison.
[bookmark: _Hlk54384332]Large comb value has the best performance in DL throughput comparison, and the performance of normal comb scheme is better than pattern-based configuration in UL throughput comparison.
Therefore, according to the above observations, we propose,
Support large comb value for partial sounding enhancement within a subband.
Time bundling
Another coverage enhancement scheme is time bundling of SRS transmission. Considering phase discontinuity due to DL/UL switching and inter-slot phase drift, a random phase rotation impacts on each SRS transmission per SRS port if over one SRS are bundled across slots. In the following simulation, 4 schemes are applied for 2 and 4 bundle size, which scheme 1 to 4 represents consecutive slots, 1 slot gap, 2 slots gap, 4 slots gap, respectively. More clearly, slots for SRS transmission are summarized as below: 
· No bundle: 1 slot
· Bundle 2 with scheme 1: 2 consecutive slots
· Bundle 2 with scheme 2: 2 slots with 1 slot gap
· Bundle 2 with scheme 3: 2 slots with 2 slots gap
· Bundle 2 with scheme 4: 2 slots with 4 slots gap
· Bundle 4 with scheme 1: 4 consecutive slots
a) wideband
b) PRG2

Figure 5-13: The performance of DL BLER for different number of bundle schemes
In the above figure 5-13, it can be easily found that 4 bundle size can improve DL BLER performance slightly in both of wideband and PRG2, and simulation results of 2 bundle size with scheme 1 is approximately equal to that of SRS transmission without bundle and 2 bundle size with other schemes. There is no obvious gain achieved on bundle mechanism, and from UE’s perspective, SRS transmission with bundling can be realized by network implementation. 
No obvious gain is achieved on bundle mechanism.
From UE’s perspective, SRS transmission with bundling can be realized by network implementation.
We thus propose,
Further study on time bundling can be considered as medium priority. 
Repetition
Since Rel-16 NRU supports SRS configuration on any symbol within a slot, although it is possible to extend the maximum number of repetitions if extended SRS symbol location is agreed in Rel-17, Only intra-slot repetition can be used for coverage enhancement. Thus, we consider the performance of inter-slot repetition in this section as well for better coverage. In the following simulation, comb 4 is assumed as baseline for repetition, and repetition2 with intra-slot represents continuous symbols are used for SRS transmission as well as repetition4 and repetition8 with intra-slot. SRS transmission is laid across two slots with two continuous symbols with difference symbol location and same symbol location in each slot for scheme 1 and scheme 2, respectively, which scheme 1 represents no more than 14 symbols gap between SRS transmission of two slots. Besides, the impact of phase discontinuity should be influenced on inter-slot SRS repetition.
· No repetition: SRS transmission beginning from symbol 0
· Repetition2, intra: SRS transmission beginning from symbol 0 with 2 symbols repetition
· Repetition4, intra: SRS transmission beginning from symbol 0 with 4 symbols repetition
· Repetition8, intra: SRS transmission beginning from symbol 0 with 8 symbols repetition
· Repetition8, inter, scheme 1: SRS transmission beginning from symbol 6 with 4 symbols repetition for the 1st slot, and others beginning from symbol 0 with 4 symbols repetition after the 1st slot
· Repetition8, inter, scheme 2: SRS transmission beginning from symbol 6 with 4 symbols repetition for both of the 1st slot and the 2nd slot.
[image: ]
Figure 5-14: The performance of UL BLER with different number of repetitions for inter-slot vs intra-slot
In Figure 5-14, as the number of intra-slot repetition factors is increased, as depicted in Figure 5-14, the BLER performance also increased, repetition of 2 has about 0.5 dB gain over without repetition and repetition of 4 has about 0.2 dB gain over repetition of 2 for intra-slot repetition. Similarly, intra-slot repetition of 8 brings approximately 1 dB gain over without repetition. Although the performance of both scheme 1 and scheme 2 with inter-slot repetition of 8 is between that of intra-slot repetition of 8 and intra-slot repetition of 4, inter-slot repetition doesn’t bring much performance degradation if suitable symbol distance among inter-slot repetition is configured. 
Repetition of 2 has about 0.5 dB gain over without repetition and repetition of 4 has about 0.2 dB gain over repetition of 2 for intra-slot repetition, while intra-slot repetition of 8 brings approximately 1 dB gain over without repetition.
The performance of both scheme 1 and scheme 2 with inter-slot repetition of 8 is between that of intra-slot repetition of 8 and intra-slot repetition of 4.
Inter-slot repetition doesn’t bring much performance degradation if suitable symbol distance among inter-slot repetition is configured.
Support inter-slot repetition for SRS coverage enhancement as well as increasing repetition number.
Conclusions
In this contribution, we discuss some issues on SRS enhancement and have the following observations:
1. Different priority principles may bring entirely different SRS transmission interpretation even with same configuration.
1. SRS resource set for ‘codebook’ or ‘antenna switching’ should be configured separately.
1. For the case of two SRS resource sets related to same SRS resource, same time domain behavior should be configured across these two shared SRS resource sets.
1. UE may transmit an SRS resource twice at different time locations for acquiring DL CSI and UL CSI.
1. Current implementation approach for different usage sharing scheme is not sufficient.
1. For 2T8R, SRS set configuration of {4, 1} can be supported with extended SRS symbols positions within a slot.
1. For 2T8R, SRS set configuration of {2, 2} will be required with Rel-15 SRS symbol positions within a slot.
1. No obvious advantages and disadvantages across pattern-based schemes without SRS hopping in DL BLER performance comparison. 
1. Large comb value without SRS hopping achieves some performance gain in DL BLER compared with others.
1. Comb 8 with 1111 has the best performance gain and then followed pattern-based configuration of 0110 in SRS hopping mechanism in DL BLER comparison.
1. Comb 8 with 1111 has the best performance gain and then comb4 with 0110 in SRS hopping mechanism in UL BLER comparison.
1. The performance of comb 2 with 0110 is slightly worse than that of comb 4 with 0110
1. Large comb value with SRS hopping achieves some performance gain in UL BLER compared with others.
Large comb value has the best performance in DL throughput comparison, and the performance of normal comb scheme is better than pattern-based configuration in UL throughput comparison.
No obvious gain is achieved on bundle mechanism.
From UE’s perspective, SRS transmission with bundling can be realized by network implementation.
Repetition of 2 has about 0.5 dB gain over without repetition and repetition of 4 has about 0.2 dB gain over repetition of 2 for intra-slot repetition, while intra-slot repetition of 8 brings approximately 1 dB gain over without repetition.
The performance of both scheme 1 and scheme 2 with inter-slot repetition of 8 is between that of intra-slot repetition of 8 and intra-slot repetition of 4.
Inter-slot repetition doesn’t bring much performance degradation if suitable symbol distance among inter-slot repetition is configured.

[bookmark: _GoBack]and proposals:
1. Alt5, i.e. Delaying of SRS transmission with a time span limitation in slots, and extra valid slot indication, is supported for flexible transmission of aperiodic SRS.
Support dynamic slot offset indication via DCI.
It should be further studied how to resolve SRS resource sets collision when more than one SRS resource sets are triggered by one DCI, e.g. ordering principle for determining valid slot.
Consider an ordering principle of increased or decreased SRS resource set ID for valid slot determination.
Allow UL DCI for triggering aperiodic SRS with UL-SCH = 0 with all-zeros CSI request indicator.
At least MCS field can be re-interpreted for indicating slot offset of A-SRS resource set if UL-SCH = 0 with/without CSI request indicator.
Support combining slot offset values indicated in both of RRC and DCI signaling.
At least support SRS resource set with usage of codebook to be used for DL CSI acquisition in the case of xTxR.
Support resource sharing scheme for usage ‘antenna switching’ and ‘codebook’ configured with different time domain behavior.
At least for the case of same antenna virtualization between antenna switching and codebook-based transmission, considering one of antenna switching resource can be used for UL CSI acquisition.
Whether SRS for 2 Tx codebook-based operation and SRS for 1T4R antenna switching can share resource needs further discussion.
Allow extending the number of SRS resources in an SRS resource set with usage of ‘codebook’ and resource sharing between codebook and beam management for more flexible UL beam indication.
For 2T6R and 4T8R, support SRS set configuration of {3,1} and {2,1}, respectively.
For 2T8R, consider supporting both SRS set configurations of {2, 2} and {4, 1}.
In FR2, it should be further studied whether to support intra-panel switching.
The impact of MPUE assumption should be considered into SRS antenna switching enhancement.
Consider hopping number restriction mechanism and/or bitmap indication method on subband level partial sounding enhancement.
Support large comb value for partial sounding enhancement within a subband.
Further study on time bundling can be considered as medium priority. 
Support inter-slot repetition for SRS coverage enhancement as well as increasing repetition number.
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