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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1# 104e [1], several candidate schemes for SRS enhancements were discussed and agreed. The details of the schemes are still need to be discussed. In this contribution, the details of schemes are discussed and the related simulation results are also provided.
[bookmark: _Ref129681832]Enhancement on aperiodic SRS triggering
Flexible aperiodic SRS triggering offset
To enhance the flexibility of aperiodic SRS triggering offset, the “available slot” based triggering mechanism, i.e., a given aperiodic SRS resource set is transmitted in the (t+1)-th available slot counting from a reference slot, was introduced in the previous meetings. In last meeting, the definition of “available slot” was confirmed and candidate methods of indication of t was proposed. The related agreements from the previous meetings are summarized as following: 
	Agreement(RAN1#103e)
A given aperiodic SRS resource set is transmitted in the (t+1)-th available slot counting from a reference slot, where t is indicated from DCI, or RRC (if only one value of t is configured in RRC), and the candidate values of t at least include 0. Adopt at least one of the following options for the reference slot.
· Opt. 1: Reference slot is the slot with the triggering DCI.
· Opt. 2: Reference slot is the slot indicated by the legacy triggering offset.
· FFS the detailed definition of “available slot” considering UE processing complexity and timeline to determine available slot, potential co-existence with collision handling, etc., e.g.,
· Based on only RRC configuration, “available slot” is the 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 the minimum timing requirement between triggering PDCCH and all the SRS resources in the resource set
· FFS explicit or implicit indication of t
FFS whether updating candidate triggering offsets in MAC CE may be beneficial
Agreement(RAN1#104e)
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
Agreement(RAN1#104e)
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.


The first remaining issue for flexibility of aperiodic SRS triggering offset is the reference slot determination. There are two options were proposed in previous meeting. For Option-1, the reference slot is defined as the slot with triggering DCI. For the Opt. 2, the reference slot is defined as the slot indicated by the legacy triggering offset. We provide the comparison between Opt.1 and Option-2 in the following.
At first, the enhancement of aperiodic SRS triggering is due to the restriction on flexibility of aperiodic SRS triggering before Rel-17, where only one slotoffset is configured per set by RRC. If the slotoffset is still used to indicate the reference slot (i.e., Option-2), some restriction of flexibility of aperiodic SRS triggering is still there. For example, as shown in Figure 1, slotoffset=5, if the triggering DCI is on Slot-4, then the aperiodic SRS transmission can be only from Slot-9 in Option-2, i.e., Aperiodic SRS cannot be transmitted in Slot-8 even Slot-8 is available slot for AP-SRS transmission. 
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[bookmark: _Ref68197352]Figure 1. Example of aperiodic SRS triggering mechanism of Opt. 2
Observation 1: The restriction on flexibility of aperiodic SRS triggering still exist if the reference slot is indicated with legacy triggering slotoffset, i.e., Option-2.
Some companies may argue that negative values on available slot for AP-SRS triggering can be introduced to address the non-flexible issue in Option-2. However, how to define a negative offset is a problem, since the available slot is defined with a timeline but not considering negative values, such as “first symbols/ last symbols/ minimum timing”. 
Furthermore, introduce a negative values of t will cause more overhead in DCI. Considering 8:2 DL/UL slot configuration in TDD systems shown in Figure 1, if the slotoffset=5, the candidate values of ‘t’ are shown in Table 1 for Option-2, and the candidate values of ‘t’ in Table 2 are for Option-1. 
For example, for Option-2, if the triggering DCI is in Slot-4, the AP-SRS transmitted in Slot-8/9/10 with DCI indication t={-1,0,1}, respectively, shown in Table 1. But for Option-1, no matter triggering DCI on which DL slot, the candidate values of ‘t’ are always t={0,1,2}, shown in Table 2. 
So, it is clearly shown that the DCI overhead for indicating ‘t’ on Option-2 is more that Option-1, when the negative values of ‘t’ being introduced for Option-2.
[bookmark: _Ref68197159]Table 1. Candidate value of t for Opt.2 when legacy slot offset is 5
		DCI
SRS
	Slot 1
	Slot 2
	Slot 3
	Slot 4
	Slot 5
	Slot 6
	Slot 7
	Slot 8

	Slot 8
	t = 0
	t = 0
	t = 0
	t = -1
	t = -2
	t = -3
	t = -3
	t = -3

	Slot 9
	t =1
	t =1
	t =1
	t = 0
	t = -1
	t = -2
	t = -2
	t = -2

	Slot 10
	t = 2
	t = 2
	t = 2
	t = 1
	t = 0
	t = -1
	t = -1
	t = -1



[bookmark: _Ref68197167]Table 2. Candidate value of t for Opt.1
		DCI
SRS
	Slot 1
	Slot 2
	Slot 3
	Slot 4
	Slot 5
	Slot 6
	Slot 7
	Slot 8

	Slot 8
	t = 0
	t = 0
	t = 0
	t = 0
	t = 0
	t = 0
	t = 0
	t = 0

	Slot 9
	t =1
	t =1
	t =1
	t = 1
	t = 1
	t = 1
	t = 1
	t = 1

	Slot 10
	t = 2
	t = 2
	t = 2
	t = 2
	t = 2
	t = 2
	t = 2
	t = 2



Observation 2: 	If negative values introduced, Option-2 (i.e., reference slot indicated by the legacy triggering offset) needs more DCI overhead than Option-1 (i.e., reference slot defined as triggering DCI).
Furthermore, as discussed in last meeting, the implementation complexity of Option-2 is higher than Option-1. Since   In Option.1, UE determines the slot of SRS transmission only based on the values of t, i.e.,the (t+1)-th slot among the available slot after the triggering DCI. However, in Option-2, UE should first determine reference slot as the k-th slot among all the slot after the triggering DCI, then determine the slot of SRS transmission as the (t+1)-th slot among the available slot after the reference slot. So, in Option-2, more steps to determine the slot of SRS transmission based on two values counting with different rules.
Observation 3: Option-2 requires more implementation complexity compared to Option-1.
During the discussion in last meeting, there is concern on compatibility for Option-1. In fact, since the SRS is UE-specific configuration, gNB can indicate UE whether the new triggering offset is used according to UE capability via RRC. So there is no backward compatibility issue for both Option-1 and Option-2.
Based above observations, we propose:
Proposal 1: For reference slot, support Option-1, i.e., Reference slot is the slot with the triggering DCI.
The second remaining issue for flexibility of aperiodic SRS triggering offset is how to indicate available slot offset ‘t’ via DCI. As discussed in last meeting, there are two cases need to be discussed, one is with data scheduling, the other one is without data scheduling. To guarantee the low complexity for DCI decoding, it was agreed that the DCI payload size cannot be changed dynamically, and strive to unified solutions for the two cases. 
For the case with data scheduling, it seems difficult to find existing field or bits to indicate the values of t, repurpose some fields or bits as Alt2-2, such as the DCI field of SRS sets triggering, will impact the functionality itself. So, adding a new configurable DCI field may be a way forward, i.e., Alt.2-1. Then, for the case without data scheduling, the same solution as the case with data scheduling is straightforward, i.e., Alt.1-1. Since data scheduling is dynamic, the new DCI field for indicating t should exist for both with or without data scheduling. So, no need to additionally reuse unused bits for indicating t.
For how many bits are needed in the new DCI filed, considering the DCI overhead and the general DL-UL slot configuration, 2 bits for the new DCI field seems a good tradeoff. In Figure 2, we evaluate the performance of explicit indication of t. Payload size are 42, where 40 bits are for baseline. Other assumptions can be found in Table 4 in Appendix. The results show that the coverage loss caused is about 0.1 dB at 10-2 BLER, which is acceptable considering the benefit of triggering flexibility. 
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[bookmark: _Ref67478565]Figure 2. Performance for adding new DCI field for SRS slot offset indication
Proposal 2: Alt.2-1, i.e., adding a new configurable DCI field, can be used for the case with data scheduling. And the same solution can be used for the case without data scheduling.
Enhancements on DCI format for SRS triggering
In last meeting, following agreement was made for DCI format enhancement:
	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 behaviour 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 code points for aperiodic SRS trigger states
· Other examples are not precluded


Discussion on the use case for unused bits for DCI without UL data and CSI was proposed in last meeting. There are five categories of use cases were proposed. Among the use cases, indication of open loop power control parameter is more beneficial, since it can achieve quickly power control within a large range. Please note that closed loop power control with TPC command may be not so proper for aperiodic SRS transmission in real network, since adjusting step of TPC command in closed loop is small and need a long time accumulation, but the aperiodic SRS is transmitted only once.
For CAT A, it’s about time domain position indication for aperiodic SRS. For A1 and A2, they have been discussed in section 2.1, a unified solution should be used regardless of whether data is scheduled or not. And for A3 and A4, the necessity is not clear and they will affect the determination of available slot, which will cause more complexity for UE.
For CAT B and D, reusing DCI for indicating the CC or frequency domain resource or BWP or port and beamforming of aperiodic SRS, may increase the flexible for the aperiodic SRS transmission. But the use case and necessity is not clear yet. In addition, it is also related to UE capability and required more complexity of UE.
For CAT E, only extend the number of DCI code points for aperiodic SRS trigger states for DCI without data means there will be two mappings from DCI code points to aperiodic SRS sets (for with and without data scheduling). In our understanding, which sets need to be triggered simultaneously, i.e. linked to same code point, depends on the use case of the sets. So two mappings for aperiodic SRS seems not necessary.
Proposal 3: Support repurposing unused fields for indicating open loop power control parameter, e.g., p0.
On SRS overhead reduction
In last meeting, SRS resource sharing was discussed and no agreement was achieved. In our understanding, such sharing is supported from Rel-15. In Rel-15, gNB can configure the same SRS resource within two SRS resource sets with different usages, i.e., “codebook” and “antenna switching”. In this way, UE knows gNB will use the shared SRS resource for both UL and DL CSI acquisition. So, we think it’s not necessary to discuss again for the issue, where it was discussed in Rel-15. Then, the offline proposal to add signaling or UE capability for the resource sharing seems to redefine the feature, which will impact the current use of SRS resource using. 
In the offline discussion, adding restriction on UE behavior, e.g., the same SRS virtualization in the SRS resource sharing usages, was proposed. However, it’s difficult to judge the virtualization is for codebook or antenna switching in the practical scenarios. Once the resource is shared by different usages, UE can decide that the SRS is optimized for DL or optimized for UL or optimized for both depend on scenario or traffic load. So it’s no need to add such restriction on UE behavior. The similar issue is also discussed in Rel-15, the related agreement is shown as follows:
	Conclusion
If the UE is configured with an SRS resource associated with multiple sets with different SRS-setUse, then it is up to the UE for which SRS-setUse this SRS resource is transmitted for.



Observation 4: SRS resource sharing between SRS resource sets with usage “codebook” and “antenna switching” can be supported by implementation in current spec.

On SRS antenna switching
In the last meeting, the enhancement on SRS antenna switching was discussed and some SRS resource/set configuration was agreed, as the following agreement shows:
	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.


SRS resource set configurations
In current NR specs, for 1T2R and 2T4R, up to two SRS resource sets with different value for higher parameter resourceType can be configured for a UE. It means gNB can configure at most one P-SRS and one SP-SRS for UE. However, for 1T4R, there is only one periodic or semi-persistent SRS resource set can be used with restriction in current spec.
Actually, in the practical scenario, the traffic and packet size of UE usually varies quickly. For different traffic situation of UE, the SRS transmission periodicity is required to match the quick changes on the situation. For example, when the mobility is low and the traffic load is light for UE, a long SRS periodicity is enough for the UE. But when the mobility becomes high or traffic load becomes heavy for the UE, a relatively short SRS periodicity is needed for the UE. To satisfy the quick changes of traffic, both periodic and semi-persistent SRS are configured for antenna switching, where periodic SRS is with relative long periodicity for light traffic or small data packet, and semi-persistent SRS can be activated quickly for big data packet or heavy traffic. As shown in Figure 3, one set of P-SRS resources and one set of SP-SRS resources with different periodicities are configured for the same UE simultaneously, the overall periodicity of antenna switching SRS can be adjusted by activating/deactivating the SP-SRS.
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[bookmark: _Ref68200844]Figure 3. SRS configuration with one P-SRS and one SP-SRS
The above discussion is based on the fact that one SP-SRS and P-SRS can be configured for a UE simultaneously. However, according to the current spec, for 1T4R, only one SP-SRS or one P-SRS can be configured for UE. It means adjusting the transmission periodicity only based on RRC reconfiguration for 1T4R.
Observation 5: For 1T4R, only one SP-SRS or one P-SRS can be configured for UE which is not flexible in practical networks.
Furthermore, the current one periodic and one semi-persistent SRS configuration is also not sufficient in practical scenarios, since there is highly probability of SRS collision on the SP-SRS of different UEs due to the restriction of SRS resource sets. 
As an example, assuming that 4 symbols can be distributed for SRS transmission in one 8:2 DL-UL slot configuration in 5ms for 30 kHz SCS, where the SRS is generally transmitted in the S slot currently considering PUSCH capacity. Assuming Comb 2 is used and 4 ports can be multiplexed in one comb by using different cyclic shifts, then 64 SRS ports can be multiplexed within 10ms. Taking 2T4R for example, only up to 16 UEs with 10ms SRS periodicity can be supported in one cell. Even taking partial sounding into account, when PF = 4 is used, only up to 64 UEs with 10ms SRS periodicity can be supported in one cell. However, in a real network, there are usually hundreds of RRC connected UEs in one cell (more than 200 even up to 1000 active UEs in a cell), so it is impossible for gNB to avoid the collision configuration of SP-SRS resource sets for different UEs.  
For example, if there are 256 connected UEs in the cell, then four UEs have to share the overlapped resource for SP-SRS. When there is overlapped resources have to be activated simultaneously, collision occurs. Once collision happens, gNB have to RRC reconfigured the SP-SRS pattern and periodicity, which means a long delay and performance degradation for a UE.
Observation 6: One SP-SRS is not sufficient in the practical scenarios.
Based on the discussion, to avoid SRS collision in the practical scenarios, more than one SP-SRS resource sets for one UE is required. As shown in Figure 4, a UE is configured with one P-SRS and two SP-SRS resource sets. If the SP-SRS resource set-2 is with potential collide with other UE’s SRS transmission, gNB is flexible to active SP-SRS resource set-1 instead of SP-SRS set-2.
[image: ]
[bookmark: _Ref68201224]Figure 4. SRS configuration with one P-SRS and two SP-SRS
In the following, we provide an example to show the probability of activation failure caused by collision. Assuming 256 connected UEs in the cell, as analyzed above there are at least four UEs have to share the overlapped resources for SP-SRS. Then, the activation failure probability is shown in Table 3, where one, two and four SP-SRS per UE are compared. 
Monte Carlo simulation method is used for the evaluation. The probability of SP-SRS activation is assumed as 5%, 10% and 20% for the heavy traffic or big data packet arriving. The activation is assumed independent for different UEs. For the case of one SP-SRS set, every four UEs have to share one overlapped resource for SP-SRS. If N > 1 UEs among the four UEs need to activate SP-SRS simultaneously, then only one UE can activate SP-SRS successfully, and the other N-1 UE/UEs fail to activate the SP-SRS. And for the case of two/four SP-SRS sets, eight/sixteen UEs share two/four resource for SP-SRS. If N > 2 or N > 4 UEs need to activate SP-SRS simultaneously, then only two/four UE can activate SP-SRS successfully, and the other UE/UEs fail to activate the SP-SRS. The activation failure probability is defined as number of activation failure to number of total activation ratio.
[bookmark: _Ref68278015]Table 3. Activation failure probability for one, two and four SP-SRS per UE 
	          Probability of SP-SRS
                  activation
Number
of SP-SRS set
	5%
	10%
	20%

	1
	7.44%
	14.23%
	26.40%

	2
	1.46%
	5.62%
	17.02%

	4
	0.092%
	1.21%
	9.92%


*Note: Partial sounding with PF=4 is already considered. If without partial sounding the collision probability will be much higher.
As shown in Table 3, collision probability would be reduced apparently when 2 SP-SRS can be configured for a UE. For instance, when the probability for one UE to activate SP-SRS is 10%, there will be 14.23 % probability for collision. But when 2 or 4 SP-SRS can be configured for a UE, the collision probability reduced to 5.62% and 1.21% respectively.
Observation 7: Extending the number of resource sets for semi-persistent antenna switching SRS can significantly reduce the collision probability of SRS transmission.
Proposal 4: For semi-persistent and periodic antenna switching SRS with 1T2R, 1T4R, 1T6R, 1T8R, 2T4R, 2T6R, 2T8R, 4T8R or T=R, support to configure one periodic SRS and at least two semi-persistent SRS.
Flexible antenna switching
In last meeting, L1 or L2 based adaptation on the number of Tx and/or Rx antennas for SRS antenna switching based on the indicated UE capability of supported SRS-TxPortSwitch was proposed by some companies. And potential use cases for the feature include UE power saving and SRS overhead reduction. In our understanding, if the feature aim for such use cases, it may only beneficial on multiple SRS transmission, such as P-SRS and SP-SRS, other than one-shot transmission of AP-SRS.
Then, for MAC-CE based adaptation or DCI based adaptation, considering the use cases of the feature, MAC-CE is flexible enough. While DCI based solution will cause more complexity for UE and may cause PDCCH performance degradation.
Observation 8: SRS resource-level activation/deactivation for periodic and semi-persistent SRS by MAC CE may be beneficial for SRS overhead reduction and UE power saving.
4T6R Antenna switching
For 4T6R, it was discussed several meetings, but still have concerns on supporting such antenna switching structure. We already have agreed 1T6R, 1T8R, 2T6R, 2T8R and 4T8R antenna switching in Rel-17, which are the similar antenna switching mechanism as 1T2R/1T4R and 2T4R in R15. But for the special case 4T6R, it is not clear how to map between RF chains and antennas, due to the number of antennas are not an integer multiple of the number of RF chains, and also not clear how to switching between RF chains and antennas. 
In last meeting, some companies listed possible ways for 4T6R:
· Alt. 1: three SRS resources with 2 ports per resource, i.e., 2+2+2.
· Alt. 2: three SRS resources with 4 ports per resource, i.e., 4+4+4;
· Alt. 3: two SRS resources with 4 and 2 ports per resource respectively, i.e., 4+2;
· Alt. 4: two SRS resources with 4 ports per resource, i.e., 4+4;
However, in the previous agreement, we already support the antenna switching for 2T6R, i.e., 2+2+2. Alt.1 and Alt.2 is similar antenna switching mechanism as 2T6R, there is no additional performance benefits can be obtained from 4T6R. By the way, Alt.2 is require double SRS resources and cannot do the power boosting as 2+2+2 switching. So, compared to the existed 2T6R, Alt.1 and 2 are not necessary. 
Then, for Alt.3 and Alt.4, each resource with 2 port in 2T6R can be with more power transmission than each resource with 4 ports in 4T6R, so the estimation will be better in the agreed 2T6R. Some company may argue that 4T6R with 4+2 and 4+4 antenna switching is faster that 2T6R with (2+2+2). However, since in each UL slot there are 6 SRS symbols (now have up to 14 symbols from Rel-16), both 2T6R and 4T6R can be in a slot. So, the benefits on faster switching seems not true. 
As discussed in the beginning of the WI, the use case for 4T6R and 2T6R is generally for fixed wireless access. The high mobility is not the main issue considered in the antenna switching for both 4T6R and 2T6R. Only for checking the system performance, we also simulate the 4T6R and 2T6R for 30km/h in Figure 5, where Alt.3 (4+2) are considered for 4T6R, where both 2.5ms and 40ms SRS periodicity are considered. The detailed evaluation assumptions can be found in Table 5 in appendix.
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[bookmark: _Ref67510178]Figure 5. Performance comparison of 4T6R and 2T6R
From the result, we can see that the performance of 2T6R is better than 4T6R especially when SNR less than -5 dB. The reason is that more power can be used for 2T6R.
Observation 9: There is no obvious benefits for 4T6R than 2T6R, where 2T6R is already supported in R17.
On SRS capacity/coverage enhancements
In last meeting, increasing the maximum number of repetition symbols, RB-level partial sounding and comb 8 were agreed for SRS capacity/coverage enhancements:
	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.


SRS repetition
SRS repetition and frequency hopping are two efficient methods to improve SRS coverage. In Rel-16, the supported repetition factor can be 1, 2 and 4. According to the discussion in Rel-16 NR-U agenda, the new UE feature FG10-11 was introduced which allow UE to transmit SRS in any symbols of a slot and make it possible to extend the maximum number of repetition of SRS. In last meeting, it was agreed to increase the maximum number of repetition symbols in one slot and one SRS resource to S, and the candidate values include {8, 10, 12, 14}.
Before extending the number of repetition, it necessary to extend the number of symbol for a SRS resource, i.e., nrofSymbols, first. In current spec, the candidate value of nrofSymbols only include {1,2,4} for a SRS resource other than positioning SRS. And for the positioning SRS, 8 and 12 is supported in addition to {1,2,4}. So we can reused the candidate value for nrofSymbols of positioning SRS and support 8 and 12 for number of repetition. For 10 and 14, there is no obvious benefits can be achieved compared to 8 and 12. So we propose: 
Proposal 5: Support to extend candidate values for the number of symbols in a SRS resource to {1, 2, 4, 8, 12}, and support 8 and 12 for SRS repetition.
RB-level partial sounding
Traditional SRS is designed to be transmitted in a whole bandwidth with/without frequency hopping. In last meet, RB-level partial sounding was supported to enhance the capacity. According to the agreement, it’s allowed to transmit SRS only in  contiguous RBs in one OFDM symbol, where  indicates the number of RBs configured by BSRS and CSRS. In this way, the overhead of SRS per UE is reduced significantly, which means more SRS capacity and shorter SRS periodicity.
In last meeting, several candidate values including {2, [3], 4, 8} was proposed for . Among the candidate values, 2 and 4 seems more reasonable, since all the candidate values of  are multiples of 4 in the spec. They can ensure the value of  is an integer. For the candidate value 3 and 8, they would cause non-integer RBs for partial sounding in many cases. The candidate value 3 is in the middle of 2 and 4, so we do not think there is significant gain can be obtained by PF =3 compared to PF =2 and PF =4. 
Observation 10: PF = 3 and PF = 8 would cause non-integer RBs for partial sounding in many cases.
Then, we evaluate the performance of partial sounding with PF = 2, PF = 4 and PF = 8 in Figure 7. The patterns of partial SRS and legacy SRS are shown in Figure 6, where total band is assumed as 96 RBs, and the hopping bandwidth  is assumed as 24 RBs. The other details of evaluation assumptions are shown in Table 6 in Appendix. 
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[bookmark: _Ref67479850]Figure 6. Patterns of partial SRS and legacy SRS
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[bookmark: _Ref67479840]Figure 7. Performance comparison of legacy SRS and partial SRS for 24RBs hopping bandwidth
The evaluation results show that partial SRS with PF = 2 and PF = 4 can provide obvious performance gain compared to the legacy SRS. However, with same overhead, the performance for PF  = 8 is worse than the case PF = 4, especially at the high SNR region. Please note that the power boosting for SRS transmission is already considered in the evaluation. The main reason is that SRS density is too sparse in frequency domain for PF = 8, which lead to significant performance downgrade of channel interpolation. 
Observation 11: Partial SRS with PF = 2 and PF = 4 can provide obvious performance gain compared to the legacy SRS configuration.
Proposal 6: PF =2 and PF =4 should be supported for RB-level partial sounding.
Above results show that partial sounding have better performance than the legacy SRS when bandwidth is 24 RBs per hop. However, if the bandwidth for each hop is small, then whether there is benefits on performance with partial sounding? 
In the Figure 8, we show the performance comparison for the legacy SRS hopping and partial sounding transmission in the case of 4 RBs hopping bandwidth, where total 48 RBs for the SRS bandwidth. It is observed that, with the same SRS overhead and SRS multiplexing capacity, the performance of partial sounding is worse than legacy SRS. 
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[bookmark: _Ref67479946]Figure 8. Performance comparison of legacy SRS and partial SRS for 4RBs hopping bandwidth
Proposal 7: For the case SRS transmission bandwidth per hop is less than or equal to 4 RBs, partial sounding is not supported.
Frequency hopping is efficient method to improve the coverage of SRS since it can reduce the SRS bandwidth per symbol to increase transmit power per RE. For UEs in cell centre, gNB can disable the frequency hopping to sounding the whole bandwidth quickly and for the UEs in cell edge, gNB can enable the frequency hopping to ensure the coverage of SRS. In our understanding, the main advantage of partial sounding is that it can increase capacity greatly, no matter whether frequency hopping is enabled. So, for both frequency hopping case and non-frequency hopping case, partial sounding should be supported.
Proposal 8: Partial sounding should be applicable for both frequency hopping and non-frequency hopping.
For the signalling mechanism for PF and the location of the  RBs, RRC signalling seems sufficient. Since RB location is related PF, so it is beneficial joint indication for the two information together, otherwise, additional mapping between RB location and PF need to be configured. For example, if only 2 and 4 are supported for PF, a RRC parameter with candidate entries {PF1, PF2-location0, PF2-location1, PF4-location0, … , PF4-location3}  can be introduced, where PF1 indicate partial sounding is disabled and PF2-location indicate first  contiguous RBs is used for the first hop of SRS transmission. 
Since we consider the pattern staggering for different hopping to address the channel estimation imbalance, the joint indication for PF and RB location is for the first hop.  
Proposal 9: Joint indication for PF and RB location for partial sounding via RRC can be supported.
Although partial sounding can improve the capacity of SRS which is very useful for traffic-hot and mobility scenario, the channel estimation accuracy of RBs without SRS may degrade compared to RBs with SRS, which may lead to the DL SINR unbalance. Figure 9 show the channel correlation between estimated channel and real channel per subcarrier when partial sounding with PF = 4 is used. The correlation is defined as  where  and donate the real channel and estimated channel respectively. From the figure, we can see that the estimated channel in the RBs without SRS mismatch the real channels, i.e., with lower correlation.
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[bookmark: _Ref67480020]Figure 9. Channel correlation between estimated channel and real channel
In big data packet transmission, the DL scheduled RBs may be always in these RBs without SRS in a long period, which decrease the performance. To avoid such cases, one method is changing the location of SRS transmission location with stagger pattern for different hopping, such as Figure 10. 
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[bookmark: _Ref67480092]Figure 10. Example of shifting location for partial sounding
Observation 12: Shifting the location of partial SRS for a hopping period is beneficial for avoiding the channel estimation mismatch on the RBs without SRS in a long time.
In current specification, SRS sequence is generated by cycle extending ZC sequence, which can achieve relative low PAPR. And length of the ZC sequence  depend on  and transmission comb number , i.e.,  is the largest prime number that satisfies , where  is SRS sequence length. For partial sounding, although  and  is same with legacy SRS, but the actual SRS transmission band per symbol is reduced. There are two options for sequence design for partial SRS. 
· Option-1 is redefining the length of ZC sequence according to the actual SRS transmission band per symbol, i.e.,  is the largest prime number satisfying , where . 
· Option-2 is reusing  of legacy SRS and generate the SRS sequence by truncating legacy sequence according to location of partial SRS, as shown in Figure 11. 
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[bookmark: _Ref67480155]Figure 11. Two options for SRS sequence of partial sounding
For the option-1, the property of low PAPR can be maintained but the multiplexing between partial SRS and legacy SRS and the multiplexing between partial SRS with different PF will be limited. On the contrary, option-2 won’t cause any multiplexing issue with legacy SRS but may increase PAPR of sequence. In Figure 12, we evaluate the PAPR for option-1 and option-2. Evaluation result shows the PAPR of Option-2 is about 0.5~1.5 dB higher than Option-1. However, the main target scenarios for partial sounding is the high traffic load scenario. In such scenarios, the bottleneck is not the SRS PAPR (impact the SRS coverage). Actually, power boosting for SRS transmission can provide 3~6dB gain for PF=2 to 4 in partial sounding to enhance the coverage. In our understanding, introducing partial sounding in Rel-17 is mainly for enhancing the multiplexing capacity. Thus, Option-2, i.e., partial sounding with truncating legacy sequence, should be supported, which can be multiplexing with legacy SRS well.
Proposal 10: For the partial SRS sequence, support to generate the SRS sequence by truncating legacy sequence according to location of partial SRS.
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[bookmark: _Ref67480270]Figure 12. PAPR comparison of Option-1 and Option-2
Comb 8
In last meeting, comb 8 was agreed for SRS capacity and coverage enhancement. Actually, comb 8 is already supported for SRS for positioning and maximum number of cyclic shifts for comb 8 is 6 in current spec. Reusing the maximum number of cyclic shifts from SRS for positioning is an efficient way. 
Proposal 11: Up to 6 cyclic shifts for comb 8 is preferred.

Conclusion
In this contribution, we discussed the enhancements on SRS for Rel-17 and provide following proposals:
Proposal 1: For reference slot, support Option-1, i.e., Reference slot is the slot with the triggering DCI.
Proposal 2: Alt.2-1, i.e., adding a new configurable DCI field, can be used for the case with data scheduling. And the same solution can be used for the case without data scheduling.
Proposal 3: Support repurposing unused fields for indicating open loop power control parameter, e.g., p0.
Proposal 4: For semi-persistent and periodic antenna switching SRS with 1T2R, 1T4R, 1T6R, 1T8R, 2T4R, 2T6R, 2T8R, 4T8R or T=R, support to configure one periodic SRS and at least two semi-persistent SRS.
Proposal 5: Support to extend candidate values for the number of symbols in a SRS resource to {1, 2, 4, 8, 12}, and support 8 and 12 for SRS repetition.
Proposal 6: PF =2 and PF =4 should be supported for RB-level partial sounding.
Proposal 7: For the case SRS transmission bandwidth per hop is less than or equal to 4 RBs, partial sounding is not supported.
Proposal 8: Partial sounding should be applicable for both frequency hopping and non-frequency hopping.
Proposal 9: Joint indication for PF and RB location for partial sounding via RRC can be supported.
Proposal 10: For the partial SRS sequence, support to generate the SRS sequence by truncating legacy sequence according to location of partial SRS.
Proposal 11: Up to 6 cyclic shifts for comb 8 is preferred.
And also with the following observations:
Observation 1: The restriction on flexibility of aperiodic SRS triggering still exist if the reference slot is indicated with legacy triggering slotoffset, i.e., Option-2.
Observation 2: 	If negative values introduced, Option-2 (i.e., reference slot indicated by the legacy triggering offset) needs more DCI overhead than Option-1 (i.e., reference slot defined as triggering DCI).
Observation 3: Option-2 requires more implementation complexity compared to Option-1.
Observation 4: SRS resource sharing between SRS resource sets with usage “codebook” and “antenna switching” can be supported by implementation in current spec.
Observation 5: For 1T4R, only one SP-SRS or one P-SRS can be configured for UE which is not flexible in practical networks.
Observation 6: One SP-SRS is not sufficient in the practical scenarios.
Observation 7: Extending the number of resource sets for semi-persistent antenna switching SRS can significantly reduce the collision probability of SRS transmission.
Observation 8: SRS resource-level activation/deactivation for periodic and semi-persistent SRS by MAC CE may be beneficial for SRS overhead reduction and UE power saving.
Observation 9: There is no obvious benefits for 4T6R than 2T6R, where 2T6R is already supported in R17.
Observation 10: PF = 3 and PF = 8 would cause non-integer RBs for partial sounding in many cases.
Observation 11: partial SRS with PF = 2 and PF = 4 can provide obvious performance gain compared to the legacy SRS configuration.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 12: Shifting the location of partial SRS for a hopping period is beneficial for avoiding the channel estimation mismatch on the RBs without SRS in a long time.
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Appendix
[bookmark: _Ref61346497][bookmark: _Ref60755441]Table 4. LLS assumptions for PDCCH evaluation
	Setting Items
	Parameter Values

	Carrier Freq
	3.5GHz

	SCS
	30K

	channel
	TDL-C 100ns

	BS antenna
	4T 

	BS antenna
	1R 

	AL
	AL4 

	DCI payload
	40+24(CRC)

	CORESET symbol number
	1 symbol

	CCE-to-REG mapping
	Interleaved

	REG bundling size
	2



[bookmark: _Ref68278104]Table 5. LLS assumptions for 4T6R evaluation
	Setting Items
	Parameter Values

	System bandwidth
	48 RBs

	SRS comb
	2

	Carrier Freq
	3.5GHz

	SCS
	30K

	slot configuration
	DSUDD

	SRS period
	2.5ms, 40ms

	channel
	CDL-B 300ns

	BS antenna
	64T64R (8,8,2,1,1,4,8), (dH,dV) = (0.5, 0.8)λ, +45°, -45° polarization

	UE antenna
	2T4R(1,2,2,1,1,1,2) with antenna switching, (dH,dV) = (0.5, 0.5)λ, +0°, 90° polarization

	UE speed
	30km/h

	MCS
	Adaptive

	Rank and precoder
	Adaptive

	PRG
	2 RBs

	MIMO scheme
	MU-MIMO
Note: For MU-MIMO, 2 UE with 30 degree difference in AOD and 10 degree difference in ZOD is assumed.

	DL SNR
	9 dB higher than UL SNR



[bookmark: _Ref60755630]Table 6. LLS assumptions for partial sounding evaluation
	Setting Items
	Parameter Values

	System bandwidth
	96 RBs for Figure 7, 48 RBs for Figure 8

	SRS comb
	2

	Carrier Freq
	3.5GHz

	SCS
	30K

	slot configuration
	DSUDD

	SRS period
	Depend on SRS pattern

	channel
	CDL-B 300ns

	BS antenna
	64T64R (8,8,2,1,1,4,8), (dH,dV) = (0.5, 0.8)λ, +45°, -45° polarization

	UE antenna
	2T4R(1,2,2,1,1,1,2) with antenna switching, (dH,dV) = (0.5, 0.5)λ, +0°, 90° polarization

	UE speed
	3km/h

	MCS
	Adaptive

	Rank and precoder
	Adaptive

	PRG
	4 RBs for Figure 7, 2 RBs for Figure 8

	MIMO scheme
	MU-MIMO
Note: For MU-MIMO, 2 UE with 30 degree difference in AOD and 10 degree difference in ZOD is assumed.

	DL SNR
	9 dB higher than UL SNR
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