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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1# 103e [1], the candidate schemes for SRS enhancements were discussed. The enhancements include flexibility of aperiodic SRS triggering, supporting more types of antenna switching, and enhancements on SRS capacity/coverage.
In this contribution, we share our views on the candidate schemes and provide evaluation results for SRS capacity/coverage enhancements.
[bookmark: _Ref129681832]Enhancement on aperiodic SRS triggering
Flexible aperiodic SRS triggering offset
Aperiodic SRS is usually used for acquiring in-time UL/DL CSI when burst traffic is arrived. However the triggering mechanism is not flexible enough in Rel-15. In last meeting, “available slot” based triggering mechanism was proposed:
	Agreement
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


For the proposed triggering mechanism, a new parameter “t” is introduced to indicate which available slot should be used for SRS transmission, and the “t” can be indicated by DCI or RRC. And two options were proposed for reference slot in last meeting. 
For Opt.1, the reference slot is defined as the slot with triggering DCI. Considering 8:2 DL-UL slot configuration in TDD as shown in Figure 1, if gNB intend to trigger SRS transmission at slot 8, it can send DCI at any slot within slot 1~8 with t = 0. The relation between t and SRS position is concluded in Table 1. 2 bits DCI to indicate t is enough to ensure the triggering flexibility, e.g., gNB can send DCI at any slot within slot 1~8 to trigger SRS transmission at any slot within slot 8~10.
[image: ]
[bookmark: _Ref61284489]Figure 1. Example of aperiodic SRS triggering mechanism of Opt. 1
Table 1. 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



[bookmark: OLE_LINK5]For the Opt. 2, the reference slot is defined as the slot indicated by the legacy triggering offset. Considering 8:2 DL-UL slot configuration in TDD as shown in Figure 2, if gNB send DCI at slot 4 or after slot 4 and the legacy triggering offset is 5, then the reference slot defined by Opt.2 is slot 9 or after slot 9. That means gNB can’t send DCI at slots 4~8 to trigger SRS transmission at slot 8, unless a negative t is used. However, how to define a negative offset will make spec unclear. Even if the negative offset can be defined clearly, to ensure triggering flexibility, 3 bits are needed in DCI to indicate t as show in Table 2, which is more DCI overhead than Opt.1.
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[bookmark: _Ref54208283]Figure 2. Example of aperiodic SRS triggering mechanism of Opt. 2
Table 2. Candidate value of t for Opt.2
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]	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


During the discussion in last meeting, there is concern on compatibility for Opt. 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. So there is no backward compatibility issue. Another concern about Opt. 1 is the specification impact. In fact, the specification impact of Opt. 1 and Opt. 2 are similar, since both options need introduce a new parameter “t” and define “available slot”. The only difference between two options is whether legacy triggering offset is used when available slot is introduced. As we analyzed above, legacy triggering offset may restrict the position of PDCCH or increase DCI overhead when “available slot” based mechanism is used. Therefore, we propose: 
Proposal 1: For reference slot, support Opt.1, i.e., Reference slot is the slot with the triggering DCI.
How to define “available slot” is also important for the proposed triggering mechanism. In our understanding, “available slot” should satisfy following two conditions. Firstly, the slot should have enough UL or flexible symbol(s) for the all the SRS resources in the resource set. Secondly, the minimum timing requirement between PDCCH and SRS should be satisfied, i.e., time interval between the last symbol of the PDCCH triggering the aperiodic SRS transmission and the first symbol of SRS resource set should be no less than N, where N depends on UE capability. So we propose:
Proposal 2: Support following definition for “available slot” : “available slot” is the slot satisfying that there are enough UL or flexible symbol(s) for all the SRS resources in the resource set and it satisfies the minimum timing requirement between PDCCH and SRS.
For the indication of “t”, DCI or RRC based indication was agreed in last meeting. Considering the overhead and flexibility, gNB can configure a list of “t” by RRC, and select a “t” from the list by DCI. In last meeting, reusing the unused fields, such as MCS field, to indicate “t” when no data is scheduled was proposed to reduce the overhead of DCI. However, this method is not flexible enough for general scenarios. When the data is scheduled, the MCS field is occupied, so the triggering flexibility can’t be ensured. Another proposed solution is using SRS request field to indicate t. However, it will reduce the flexibility of SRS sets request, please note that there are different usage for SRS sets triggering, such as antenna switching, UL MIMO transmission and UL beam management. So, the two solutions cannot be well used for the normal PDSCH scheduled cases. 
There is also a proposal to jointly use explicit and implicit indication, where explicit indication is used for normal PDSCH scheduled cases and implicit indication is used for no data scheduled cases. However, this design will cause DCI payload size variation depend on whether data is scheduled. It will increase blind detection complexity, since UE don’t know which payload size is used before decoding.
To keep the flexibility for SRS triggering and avoid over design in spec, we prefer to use a simple way, i.e., explicit indication of ‘t’, to trigger aperiodic SRS for both with or without DSCH schedule. A simple and efficient method is adding a new field in DCI, and number of bits of the field is , where k is size of the list. In this way, gNB can chose a proper k to achieve tradeoff between triggering flexibility and DCI overhead. As we analyzed above, 2 bits DCI are enough to ensure the triggering flexibility for Opt.1. In Figure 3, we evaluate the performance of explicit indication of t. Payload size are 40 and 42 for baseline and Opt.1 with explicit indication separately in the simulation. Other assumptions can be found in Table 5 in Appendix. The results show that the coverage loss caused by Opt. 1 is about 0.1 dB at 10-2 BLER, which is acceptable considering the benefit of triggering flexibility. So, considering the tradeoff between triggering flexibility and DCI overhead, explicit DCI indication and Opt.1 should be supported.
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[bookmark: _Ref61345948]Figure 3. Performance for explicit DCI indication
Proposal 3: For the indication of t, support RRC + explicit DCI indication, i.e., RRC configure a list of t, and DCI select a value from the list by a new dedicated field.
Enhancements on DCI format for SRS triggering
Based on the discussion in last meeting, following agreement was made for DCI format enhancement:
	Agreement
Support at least DCI 0_1 and 0_2 to trigger aperiodic SRS without data and without CSI.
· FFS whether/how to re-purpose the unused fields, e.g., the triggering offset(s) and the frequency resources for triggering A-SRS on one or more component carriers, SFI-index, etc.
· FFS UL/DL DCI with data for aperiodic SRS
· FFS group common DCI 


In last meeting, aperiodic SRS triggered by DCI without data and without CSI was agreed. For the case that DCI without data and CSI, some companies propose to reuse the data scheduling related field, for triggering offset(s), component carriers indication, SFI-index, etc. As we analyzed in Section 2.1, reusing unused fields for triggering offset(s) can’t be used for the case that data is scheduled. If mixed use the explicit and implicit indication for with and without data cases, respectively, there will be a problem in blind decoding, while the DCI payload is variant in different cases.
Reusing DCI for triggering A-SRS on one or more component carriers and SFI-index indication, they are already supported by DCI 2_3 and DCI 2_0 separately, which is more flexible than reusing method, since it won’t be effected by whether data is scheduled. So, we do not see any benefits on reusing the unused bits for the proposed use cases.
Observation 1: Benefit and necessity of reusing unused fields for other usage is not clear.
Group common DCI is designed for PDCCH overhead reduction. Usually, to ensure the performance of UE with worst channel condition, large aggregation level need be used. It’s efficient when most of UEs in the group need to transmit aperiodic SRS. When there are only few UEs need to transmit aperiodic SRS, the efficiency of group common DCI can’t be ensured. However, SRS triggering for different UEs are usually independent in practical network, since it depend on when UE’s burst traffic is arrived. So the benefit of extending group common DCI for aperiodic SRS triggering is not clear.
Observation 2: Benefit of extending group common DCI for aperiodic SRS triggering is not clear.
On SRS antenna switching
In the last meeting, companies agreed on several SRS resource configurations for antenna switching, as the following agreement shows:
	Agreement
For antenna switching up to 8Rx, support SRS resource configurations for {1T6R, 1T8R, 2T6R, 2T8R, [4T6R], 4T8R}.


In last meeting, there are some controversies about whether 4T6R can be supported. In our understanding, there are many issues for 4T6R, such as unbalanced insertion loss between antennas, potential UL power/coverage imbalance for different antenna ports, so that we doubt that whether SRS antenna switching for 4T6R can be work well in practical scenarios. From the contributions from companies in before meetings, it is not clear for the real antenna architectures for 4T6R and the necessity of supporting 4T6R SRS antenna switching. Thus, before we decide to specify the SRS antenna switching for 4T6R, we need to know well on the necessity of the 4T6R antenna switching, the practical antenna architectures, benefits of antenna switching with considering unbalance insertion loss, unbalanced UL power transmission on different ports, and so on.
Proposal 4: Before supporting 4T6R SRS antenna switching, the following aspects should be clear: practical physical antenna mappings, workable antenna switching, impact of unbalanced insertion loss, potential power and coverage imbalance.
Before discussing the antenna switching mechanism for the agreed antenna architectures, one thing we need to some clarification, i.e., how many symbols in a slot can be used for SRS transmission? In Rel-16 NR-U agenda, there is an agreement as following [2], 
[bookmark: _Hlk41945139]Agreements:
· “TBD” is removed from prerequisite feature groups for FG10-11
· This FG is also applicable to licensed bands
	Features
	Index
	Feature group
	Components

	10. NR-unlicensed
	10-11
	SRS starting position at any OFDM symbol in a slot
	1. Support transmitting SRS starting in all symbols (0,…,13) of a slot


The feature means SRS transmission can be at any symbol in a slot for both unlicensed bands and licensed bands. There is no any restriction on usage for SRS, so in our understanding, this feature can be used for any of usage for SRS, such as antenna switching, Codebook based UL transmissions, Non-codebook based UL transmission, UL beam management. To avoid misunderstanding in RAN1, we would like to clarify the conclusion.
Proposal 5: Clarify that: the feature of 10-11, i.e., SRS starting position at any OFDM symbol in a slot, can be used for any SRS usages.
Then, for the agreed antenna structures for SRS antenna switching {1T6R, 1T8R, 2T6R, 2T8R, 4T8R}, the SRS resource set configuration can follow the existing mechanism for antenna switching in Rel-15/16. For example, for 2T8R, antenna switching mechanism can follow 1T4R, i.e., four SRS resources in total are configured to be transmitted in different symbols, where each SRS resource consisting of two SRS ports. And for 4T8R, antenna switching mechanism can follow 2T4R, where each SRS is with extended to 4 ports. 
In Table 3, we show the SRS resource configurations for 6Rx and 8Rx. For {1T6R, 2T6R, 2T8R, 4T8R}, antenna switching can be within one slot. However, 1T8R antenna switching requires at least 15 symbols which cannot be within one slot. So, for the 1T8R AP-SRS, at least two SRS resource sets with total 8 SRS resources can be configured for UE, similar design as Rel-15.


[bookmark: _Ref60755170]Table 3. SRS resource configuration for 6Rx and 8Rx
	xTyR
	Time behavior
	SRS resource
	SRS port

	1T6R
	P/SP/AP
	6 resources per set
	1 port per resource

	2T6R
	P/SP/AP
	3 resources per set
	2 port per resource

	1T8R
	P/SP
	8 resources per set
	1 port per resource

	
	AP
	total 8 resources
	1 port per resource

	2T8R
	P/SP/AP
	4 resources per set
	2 port per resource

	4T8R
	P/SP/AP
	2 resources per set
	4 port per resource



Proposal 6: Support SRS resource set configuration in Table 3 for {1T6R, 1T8R, 2T6R, 2T8R, 4T8R}.

On SRS overhead reduction
SRS resources sharing for different usages is an efficient way to reduce the SRS overhead. In our views, it’s already supported in Rel-15 by using implementation method and current specification is sufficient for both nTnR and nTmR. For example, if UE is configured with 2T4R, gNB can configure two resources with two ports, a SRS resource set with usage “codebook” include first resource and a SRS resource set with usage “antenna switching” include both of the resources, as shown in Figure 4. By this configuration, the first resource is shared by two sets with different usage.
[image: ]
[bookmark: _Ref61288832]Figure 4. RRC configuration for SRS resource sharing 
Observation 3: SRS resource sharing between SRS resource sets with usage “codebook” and “antenna switching” can be supported by implementation approach with current spec.

On SRS capacity/coverage enhancement
In last meeting, enhancements on SRS capacity and coverage were discussed and achieve the following agreement:
	Agreement
In Rel-17 SRS coverage and capacity enhancement, support at least one scheme from Class 2 and Class 3, and deprioritize Class 1.
Note: Extensions of Rel-15/16 frequency hopping are included in Classes 2 and 3, e.g. where UE hops once per symbol within a Rel-17 SRS resource.
Agreement
Candidate schemes for Class 2:
· Scheme 2-0: Increase the number of repetition symbols in one slot
· Scheme 2-1: Inter-slot repetition on consecutive symbols or non-consecutive symbols across slots
· Scheme 2-2: Repetition with TD-OCC
· Scheme 2-3: Repetition with CS hopping
Candidate schemes for Class 3:
· Scheme 3-1: RB-level partial frequency sounding
· Scheme 3-2: Subcarrier-level partial frequency sounding
· Scheme 3-3: Subband-level partial frequency sounding
· Scheme 3-4: Partial-frequency sounding schemes assisted with CSI-RS, where SRS is transmitted in a subset of RBs of the original SRS frequency resource
· Scheme 3-5: Dynamic change of SRS bandwidth with RB-level subband size scaling
· Note: Consider issues like gNB receiver complexity,  PAPR, etc., with above schemes
Note: Joint operation between Class 2 and Class 3 schemes can be considered


SRS repetitions
To improve coverage of SRS transmission, SRS repetition and configurable SRS hopping bandwidth are supported from Rel-15. These two methods can be used in conjunction with each other to achieve a trade-off between SRS periodicity and SRS coverage. 
In Rel-15, SRS can be repeated twice or four times, which can greatly increase the received power. In addition to increasing repetitions, reduced hopping bandwidth also can improve SNR for SRS with power boosting. In Figure 5(a), we show the different SRS repetition-hopping patterns, where pattern 1 is for 4-times repetition for SRS transmission, pattern 2 is for 8-times SRS repetition (not supported yet), and pattern 3 is for 4-times repetition and half bandwidth hopping. Then, in Figure 5(b), we show the performance for the three SRS repetition-hopping patterns. 
In the evaluation, the bandwidth is assumed as 48 RBs, where half bandwidth is 24 RBs per hop, and DL SINR is assumed as 9 dB higher than SINR for SRS. Since the transmit bandwidth of pattern 3 is smaller than others, the power boosting is also considered in the simulation. The details of evaluation assumptions are shown in Table 6 in Appendix. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]From Figure 5(b), it can be observed that increasing the number of repetitions (i.e., pattern 2) has the similar performance with reducing hopping bandwidth (i.e., pattern 3). However, increasing repetitions will result in SRS multiplexing capability reduction, i.e., multiplexing capacity of pattern 3 is two times over pattern 2. 
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(a)

[image: ]
(b)
[bookmark: _Ref60754562]Figure 5. Performance comparison for increasing repetitions and reducing hopping bandwidth
[bookmark: OLE_LINK8]Observation 4: Increasing SRS repetitions has the similar performance with reducing hopping bandwidth, but SRS multiplexing capacity will decrease by increasing SRS repetitions.
The second candidate scheme in Class 2 for SRS coverage enhancements is inter-slot repetition on consecutive symbols or non-consecutive symbols across slots. Similar discussion as inter-slot SRS bundling, there are many issues, such as phase discontinuous, TA mismatch/jitter, porting mapping ambiguity. In the evaluation, there is very limited benefits for inter-slot SRS bundling [3]. So, the inter-slot repetition also should be low priority similar as inter-slot SRS bundling. 
Furthermore, for the case of SRS transmission within non-consecutive symbols across slots, the processing complexity for gNB is increased, where gNB need cache data of at least 2 slots. And the gap between the repetition symbols will introduce channel variation, which will reduce the gain of coherent combination within repetition symbols. For the case of SRS transmission within consecutive symbols across slots, the benefit is unclear compared to intra-slot repetition case. Especially, with above Observation 4, there is no need to increase the number of repetition symbols. 4 symbols repetition within one slot for SRS transmission is enough. 
Proposal 7: SRS inter-slot repetition should be low priority.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]The third candidate scheme in Class 2 for SRS coverage enhancements is repetition with TD-OCC. However, the benefit of TD-OCC is not clear. Firstly, it requires the multiplexed UEs are configured with the same SRS repetition times to keep the same multiplexing capability, while the use case is very limited. In addition, according to the current spec, when SRS partially overlap with PUCCH, then the overlapped symbols of SRS may be dropped. Then the orthogonality of such truncated TD-OCC cannot be maintained. Moreover, the coverage enhancement can equivalently be enhanced by reducing the SRS sounding bandwidth, which does not reduce the SRS multiplexing capability at all. Therefore, whether to support TD-OCC for SRS repletion needs further discussion.
Observation 5: The benefit of introducing TD-OCC over SRS repetition is not clear yet.
As discussed above, only increasing the number of repetition of SRS transmission is not an efficient way to improve channel estimation accuracy. The interference (from e.g., neighboring cell) increase as well if interfering UE also transmit SRS with repetition. Thus, reducing the inter-cell interference is more critical to guarantee the channel estimation performance during SRS repetition. One potential way to reduce the interference is randomizing the inter-cell interference for SRS transmissions.
[bookmark: OLE_LINK7][bookmark: OLE_LINK6]In current spec, SRS group/root-sequence hopping is supported by configuring groupOrSequenceHopping as 'groupHopping' or 'sequenceHopping', which aim to randomize interference. As there is only 30 sequence groups in total and every UE will select one sequence group from the 30 sequence groups per slot per symbol, there is certain probability that same sequence group is used in neighbouring cells which will cause serious interference. One example is shown in Figure 6. Sequence group hops between each symbol, and in symbol-12 the sequence group collides between UE1 from cell-1 and UE2 from cell-2.
[image: ]
[bookmark: _Ref60754666]Figure 6. Illustration of SRS group hopping during SRS transmission
In Table 4, we give the sequence group collision probability between the serving cell and neighbouring cell. When the same sequence group is used in at least one symbol of SRS transmission for serving cell and at least one neighbouring cell, we count it is a collision. It can be observed that, as the number of neighbouring cells and the times of repetition increases, the collision probability increases, which can be up to 55.68% in the case of 6 neighboring cells.
[bookmark: _Ref54207875]Table 4. Sequence group collision probability for group hopping
	Collision probability
	Total neighbouring Cell Number = 1
	Total neighbouring Cell Number = 2
	Total neighbouring Cell Number = 3
	Total neighbouring Cell Number = 4
	Total neighbouring Cell Number = 5
	Total neighbouring Cell Number = 6

	2-times repetition
	6.56%
	12.68%
	18.41%
	23.75%
	28.75%
	33.42%

	4-times repetition
	12.68%
	23.75%
	33.42%
	41.87%
	49.24%
	55.68%



For 'sequenceHopping', different cells use different sequence groups and in order to obtain the interference randomization effect, every UE will select one sequence from the sequence group per slot per symbol. However, there is only up to two sequences can be used for sequence hopping. The interference can be randomized, especially for the case where repetition factor is 4. 
One example for sequence hopping is shown in Figure 7. In each sequence group, there is 2 sequences. Sequence group#a (including sequence #a0 and #a1) and sequence group#b (including sequence #b0 and #b1) is used for UE1 from cell-1 and UE2 from cell-2 separately. The same interference happens in symbol-10 and symbol-13 for UE1 and UE2.
[image: ]
[bookmark: _Ref60754710]Figure 7. Illustration of SRS sequence hopping during SRS transmission
From above analysis, it can be seen that group hopping or sequence hopping can’t randomize the interference well. Therefore, how to randomize interference needs to be considered. Then, the fourth candidate scheme in Class 2 for SRS coverage enhancements is proposed as repetition with CS hopping, where root sequence remains same but cyclic shift hops between different symbols. As shown in Figure 8, Sequence#a0 in sequence group#a and sequence#b0 in sequence group#b is used for UE1 from cell-1 and UE2 from cell-2, separately. CS hops between each symbol, which leads to different interference experience for symbol-10/11/12/13, then interference randomization gain can be obtained. 
[image: ]
[bookmark: _Ref60754781]Figure 8. SRS cyclic shift hopping
Figure 9 shows channel estimation performance of different hopping methods for SRS sequences, including CS hopping, Group hopping, Sequence hopping, and no hopping. In the simulation, 2/3/4 UEs from different cells whose SRS occupies the same time frequency resource and uses different root sequences are assumed to emulate the inter cell interference. Transmit power is same for 2/3/4 UEs and the SRS SNR is assumed as 0 dB. For the CS hopping case, CS hopping patterns are different for different UE. The SRS repetition times is 4 for all cases. The detailed simulation assumptions are shown in Table 7 in Appendix. 
In Figure 9, CS hopping shows better performance than other cases thanks to the interference among different sequences can be randomized. For group hopping, since there is about 12.68%, 23.75%, 33.42% collision probability as shown in the Table 4 for the 2 UEs, 3 UEs, 4 UEs, separately, in the case of SRS with 4-times repetition. When the same sequence group is used in neighbouring cells, it will cause serious interference. As shown in Figure 9, there is obvious performance loss for case 2 compared to case 1, and the loss increases with the number of UE. For sequence hopping, at most two sequences can be used for hopping which cannot randomize the interference well. Therefore, sequence hopping has 1.5dB~2dB performance loss compared to CS hopping for SRS with 4-times repetition. We can observe from Figure 9 that CS hopping can improve SRS coverage effectively, with great gains over other interference randomization method.
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(a)                                              (b)                                                    (c)
[bookmark: _Ref60754814]Figure 9. Chanel estimation performance of SRS CS/Group/Sequence/No hopping case
Proposal 8: For SRS coverage enhancement, repetition with CS hopping should be supported to randomize the inter-cell interference.

Partial sounding
In current spec, SRS hopping pattern is mainly designed for sounding the whole bandwidth. In previous meetings, partial sounding across frequency was proposed to enhance SRS capacity. Compared to full band sounding, partial sounding can provide shorter SRS periodicity with same overhead, which can significantly improve throughput in some cases, such as traffic-hot and mobility scenario.
In last meeting, five candidate schemes were proposed for partial sounding. The first scheme is RB-level partial frequency sounding. This scheme allow SRS transmission only in partial RBs of each hopping subband. For example, UE can transmit SRS in half band or quarter band of each hopping subband as shown in Figure 10, the rest band can be used for other UEs. 
[image: ]
[bookmark: _Ref60754862]Figure 10. Example of RB-level partial frequency sounding
In current specification, SRS ports can be multiplexed in same symbol by using different combs or cyclic shifts, and up to 48 ports (comb 4 + CS 12) are supported. However, in practical network, maximum number of ports that can be multiplexed in one symbol is usually less than 48 due to maximum channel delay spread and TA error. For comb 4, current spec support maximum 12 cyclic shifts. If SCS is 30 kHz, then delay corresponding to each cyclic shift is 687.5ns, i.e., 1/48 symbol duration. If channel model is CDL-B with 300ns RMS delay spread, the maximum delay is about 1434ns. To ensure the orthogonality between different ports, minimum cyclic shift difference should be no less than 2, which mean maximum 6 ports can be multiplexed in one comb. In Figure 11, we show the channel response for CDL-B with 300ns. It can be seen that only 4 ports can be multiplexed in one comb for Comb-4 case, while the number of ports reduced to 2 for Comb-8 case. Actually, in practical network, considering TA error, the cyclic shift difference should be larger to avoid PDP overlapping, i.e., a bigger guard interval is required.
Subcarrier-level partial frequency sounding aim to improve SRS capacity by increasing comb number. However, larger comb means shorter sampling duration, which reduce the number of available cyclic shift per comb. Take comb 8 for instance, with same SCS, total sampling duration is halved compared to comb 4. To ensure orthogonality, the number of ports multiplexed in on comb should be also halved. Therefore, the total SRS capacity of comb 8 is same with comb 4.
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(a) comb 4
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(b) comb 8
[bookmark: _Ref60754899]Figure 11. Example of ports multiplexing by using different cyclic shifts
Observation 6: Subcarrier-level partial frequency sounding can’t improve SRS capacity.
The third scheme is subband-level partial frequency sounding. It support SRS transmission only on partial hopping subband to reduce SRS overhead. In current spec, some pattern can be realized by configuration method. However, configuration method may cause unbalance subband distribution in some case, which will degrade the performance of interpolation. As shown in Figure 12, there are no SRS in upper half or lower half for case-1 and case-2. To improve flexibility of partial sounding, bitmap can be used to indicate which subband is enabled for SRS transmission. Then, gNB can select proper subband to achieve better interpolation performance, as shown in Figure 12.
[image: ]
[bookmark: _Ref60755007]Figure 12. Example of subband-level partial frequency sounding
Observation 7: Subband-level partial frequency sounding with bitmap indication may provide flexible partial sounding pattern in some case.
The fourth scheme is to associate partial sounding and CSI-RS. In our understanding, the key point of scheme 3-4 is introducing a new type of SRS for covariance interference matrix feedback. The potential benefit of this scheme is that the interference information can help gNB to perform more accurate link adaptation. However, instead of improving SRS capacity, it will increase SRS overhead. Since UE need to transmit two kind of SRS, one for DL CSI acquisition and another for covariance interference matrix feedback. In addition, the precoding SRS with DL covariance interference matrix will be reduce the channel estimation performance at receiver, since the precoding is not in the direction between the UE and gNB. 
Observation 8: Partial-frequency sounding schemes assisted with CSI-RS may increase SRS overhead and impact on the channel estimation.
In current, SRS bandwidth is configured by RRC only. In last meeting, scheme 3-5 was proposed to allow gNB change SRS bandwidth dynamically. In our views, RRC is enough for SRS bandwidth configuration, since SRS bandwidth is usually determined by maximum scheduling bandwidth for UE and the bandwidth is relatively stable during a long time. SRS transmission is for UL/DL channel measurement, 
Moreover, in practical network, dynamic change of SRS bandwidth will introduce extra SRS scheduling complexity for gNB, since gNB need carefully change the SRS bandwidth to avoid SRS collision between different UEs. So whether to support dynamic change of SRS bandwidth need more discussion.
Observation 9: The benefit of dynamic change of SRS bandwidth with RB-level subband size scaling is unclear.
Evaluation results
In this section, link level simulation was used to evaluate the performance of RB-level partial frequency sounding. The performance of three patterns shown in Figure 13 was compared. Case-1 and Case-2 SRS hopping patterns are already supported in current spec. Case-1 SRS pattern is with 4 hops in a slot. Case-2 SRS pattern is with 2 hops in a slot but the total number of hops is 4. Case-3 SRS pattern is partial SRS with half SRS hopping bandwidth in each hop. For Case-2 and 3, interpolation need to be used for SRS channel estimation, and power boosting can be used for the Case-3 pattern for partial bandwidth SRS transmission.
[image: ]
[bookmark: _Ref60755040]Figure 13. Comparison of legacy SRS and partial SRS
Figure 14 shows the performance of the three patterns, where the SRS hopping bandwidth is assumed as 24 RBs. For the partial SRS, power boosting is assumed. In the evaluation, the SRS overhead is assumed the same, so Case-2 and Case-3 is with half periodicity of Case-1. Other assumptions can be found in Table 8 in Appendix. As shown in Figure 14, Case-3 with partial SRS transmission, about 5~20% gain over the legacy SRS hopping transmission (for both Case-1 and Case-2). 
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(a)
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[bookmark: _Ref60755077]Figure 14. Performance comparison of legacy SRS and partial SRS for 24RBs hopping bandwidth
Observation 10: Partial sounding can provide better performance than legacy SRS hopping for the case with 24 RBs SRS hopping bandwidth.
Above results show that partial sounding have better performance than legacy SRS with same overhead when bandwidth is 24 RBs per hop. In the Figure 15, we also show the performance comparison for the legacy SRS hopping and partial sounding transmission in the case of 4 RBs hopping bandwidth. It should be noticed, for 4 RBs hopping bandwidth, 3 slots and 4 symbols per slot are used to sounding the whole band, and the SRS periodicity (i.e., 30ms and 15ms) in the Figure 15 is equivalent periodicity (i.e., time span that SRS finish a complete frequency hopping). If with the same SRS overhead and SRS multiplexing capacity are assumed, the partial sounding is worse performance than legacy SRS for the case of PRG = 2, since the orthogonality between sequences with different cyclic shift may be broken duo to the low sampling rate in time domain. The performance gain of partial sounding only can be obtained with reducing the number of sequences (i.e., CSs).
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[bookmark: _Ref60755113]Figure 15. Performance comparison of legacy SRS and partial SRS for 4RBs hopping bandwidth
Observation 11: For small hopping bandwidth (such as 4 RBs), performance of partial sounding can be obtained with reducing SRS cyclic shift, but the multiplexing capacity will be reduced.
Proposal 9: For large SRS hopping bandwidth (more than 4 RBs), RB-level partial frequency sounding can be supported.
Conclusion
In this contribution, we discussed the enhancements on SRS for Rel-17 and provide following proposals:
Proposal 1: For reference slot, support Opt.1, i.e., Reference slot is the slot with the triggering DCI.
Proposal 2: Support following definition for “available slot” : “available slot” is the slot satisfying that there are enough UL or flexible symbol(s) for all the SRS resources in the resource set and it satisfies the minimum timing requirement between PDCCH and SRS.
Proposal 3: For the indication of t, support RRC + explicit DCI indication, i.e., RRC configure a list of t, and DCI select a value from the list by a new dedicated field.
Proposal 4: Before supporting 4T6R SRS antenna switching, the following aspects should be clear: practical physical antenna mappings, workable antenna switching, impact of unbalanced insertion loss, potential power and coverage imbalance.
Proposal 5: Clarify that: the feature of 10-11, i.e., SRS starting position at any OFDM symbol in a slot, can be used for any SRS usages.
Proposal 6: Support SRS resource set configuration in Table 3 for {1T6R, 1T8R, 2T6R, 2T8R, 4T8R}.
Proposal 7: SRS inter-slot repetition should be low priority.
Proposal 8: For SRS coverage enhancement, repetition with CS hopping should be supported to randomize the inter-cell interference.
Proposal 9: For large SRS hopping bandwidth (more than 4 RBs), RB-level partial frequency sounding can be supported.
And also with the following observations:
Observation 1: Benefit and necessity of reusing unused fields for other usage is not clear.
Observation 2: Benefit of extending group common DCI for aperiodic SRS triggering is not clear.
Observation 3: SRS resource sharing between SRS resource sets with usage “codebook” and “antenna switching” can be supported by implementation approach with current spec.
Observation 4: Increasing SRS repetitions has the similar performance with reducing hopping bandwidth, but SRS multiplexing capacity will decrease by increasing SRS repetitions.
Observation 5: The benefit of introducing TD-OCC over SRS repetition is not clear yet.
Observation 6: Subcarrier-level partial frequency sounding can’t improve SRS capacity.
Observation 7: Subband-level partial frequency sounding with bitmap indication may provide flexible partial sounding pattern in some case.
Observation 8: Partial-frequency sounding schemes assisted with CSI-RS may increase SRS overhead and impact on the channel estimation.
Observation 9: The benefit of dynamic change of SRS bandwidth with RB-level subband size scaling is unclear.
Observation 10: Partial sounding can provide better performance than legacy SRS hopping for the case with 24 RBs SRS hopping bandwidth.
Observation 11: For small hopping bandwidth (such as 4 RBs), performance of partial sounding can be obtained with reducing SRS cyclic shift, but the multiplexing capacity will be reduced.
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Appendix
[bookmark: _Ref61346497][bookmark: _Ref60755441]Table 5. 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: _Ref61346560]Table 6. LLS assumptions for Increased SRS repetitions evaluation
	Setting Items
	Parameter Values

	System bandwidth
	48 RBs

	SRS comb
	2

	Carrier Freq
	3.5GHz

	SCS
	30K

	slot configuration
	DSUDD

	SRS period
	5ms

	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
	2 RBs

	MIMO scheme
	SU-MIMO

	DL SNR
	9 dB higher than UL SNR



[bookmark: _Ref60755556]Table 7. LLS assumptions for CS hopping evaluation
	Setting Items
	Parameter Values

	SRS hopping bandwidth
	48 RBs

	Repetition factor
	4

	comb
	2

	Carrier Freq
	3.5GHz

	SCS
	30K

	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



[bookmark: _Ref60755630]Table 8. LLS assumptions for partial sounding evaluation
	Setting Items
	Parameter Values

	System bandwidth
	96 RBs for Figure 14, 48 RBs for Figure 15

	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 14, 4 RBs and 2 RBs for Figure 15

	MIMO scheme
	SU-MIMO and MU-MIMO for Figure 14, MU-MIMO for Figure 15
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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