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1. Introduction

Sounding Reference Signal (SRS) has been widely used for various functionalities in NR, e.g., antenna switching for DL CSI, beam management, codebook based PUSCH and non-codebook based PUSCH. After extensive discussions for Rel-17 MIMO enhancement, some potential enhancements for SRS were agreed in the WID of FeMIMO for Rel-17[1], where the detailed objectives for SRS enhancements are summarized as follows:
	· Identify and specify enhancements on aperiodic SRS triggering to facilitate more flexible triggering and/or DCI overhead/usage reduction

· Specify SRS switching for up to 8 antennas (e.g., xTyR, x = {1, 2, 4} and y = {6, 8})

· 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 this contribution, we will present our views on flexible SRS triggering, SRS antenna switching and enhancement for improving the SRS capability and coverage.
2. Flexible SRS triggering
As specified in Rel-16, gNB will configure slot offset(s) k via RRC signaling for the corresponding an aperiodic SRS resource set.  If the UE receives the DCI triggering aperiodic SRS in slot n, the UE transmits aperiodic SRS in each of the triggered SRS resource set(s) in slot 
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. One issue here is the determined slot 
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for aperiodic SRS transmission might not be available for uplink transmission due to the dynamic change/indication of slot format configuration and possible HARQ-ACK transmission. An example of failed transmission of AP SRS due to this reason is shown in Fig 1. The transmission of AP-SRS will be dropped because the triggered slot corresponding to k =4 is not available for uplink. In order to avoid this issue and provide more flexibility for gNB, a more flexible SRS triggering mechanism can be considered. 

[image: image3.emf]D D D D D U U

DCI trigger SRS

Slot offset k =4

fail


Figure 1: Rel-15 slot offset k 
Regarding the flexible SRS triggering, we made the following agreement in the RAN1 NR #103e meeting:

	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


One open issue is how to define the reference slot. In Opt.1 the reference slot is the slot with the triggering DCI, and the slot offset of aperiodic SRS resource set with respect to that reference slot is only determined by t which is indicated from DCI or RRC. To be noted that the definition of t is the (t+1)-th available slot. To avoid repetition, it's not described in the following doc. For example, the 2nd downlink slot trigger aperiodic SRS, gNB configure slot offset t=0, UE can transmit aperiodic SRS at the 7th slot, i.e., the 1st available slot.
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Figure 2: Opt. 1: Reference slot is the slot with the triggering DCI
In Opt.2 the reference slot is the slot indicated by the legacy triggering offset. So, the total slot offset consists of two parts, the first one is the legacy triggering offset configured by RRC in each SRS resource set and the second part is the indicated slot offset t. This two-step slot offset calculation scheme will increase the computation complexity meanwhile bring the additional overhead on RRC signaling or DCI signaling. For example, the 2nd downlink slot trigger aperiodic SRS, gNB configure the legacy slot offset k=3 and further configure slot offset t=0, the reference slot is 3, UE calculate the 1st available slot start from the 5th slot, i.e., UE transmit SRS at the 7th slot. It seems that Opt.1 can achieve the same purpose with only configure one parameter.
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Figure 3: Opt. 2: Reference slot is the slot indicated by the legacy triggering offset.
Observation 1: Compared with Opt.2, Opt.1 is a more simply way to determine slot offset by only one parameter.
Therefore, we propose to adopt Opt.1 to defined the reference slot:
Proposal 1: Support Option 1 and the Reference slot for aperiodic SRS is the slot with the triggering DCI.

Regarding the method of indicating t, implicit method is preferred in our view. To discuss that,  let us consider two different options, one is that a list of t is configured by RRC and further can be indicated by implicit DCI, i.e. Opt.1-1, another is a list of t is configured by RRC and determined by explicit DCI i.e. Opt.1-2. For the first option, the implicit indication of t by DCI, one considerable scheme is to associate the triggering slot offset t with DCI SRS request state. For example, the trigging slot offset is configured as {3,2,1} corresponding to the SRS request state is {01,10,11} respectively. This reuse DCI field scheme seems no more overhead increase, besides, the slot offset is set for per SRS resource set. Through different DCI trigger state, UE transmit SRS with different slot offset. As for the second option, explicitly indicating one t in DCI will cause one same slot offset on all the SRS resource set triggered by the same DCI. That is not flexible and even will cause collision for SRS transmitting. We do not see the necessity to further update the available transmission slot with DCI by explicit way andnot even mention that it will cause extra overhead increasing. 
Observation 2: Implicit indication method can support set slot offset tper SRS resource set and is more flexible.

Proposal 2: Support implicit indication of t. 
Regarding the definition of  available slot, our preference is the available slot needs to be defined based on the slot format statically or semi-statically configured by higher layer configuration RRC or system information. Furthermore, the available slot shall contain 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. 
Proposal 3: The available slot is determined only based on the slot format configured by RRC. 
For MAC CE updating candidate triggering offset, as we mentioned above, the (t+1)-th available slot configured by RRC has enough flexibility to avoid the collision due to the dynamic change/indication of slot format configuration and possible HARQ-ACK transmission. Whether MAC CE update the available slot offset can be further discussed after the DCI indication method is settled down.

Observation 3: MAC CE update can be discuss after the implicit or explicit indication method of DCI is determined.
3. SRS antenna switching
In the RAN1 NR #103e meeting, we made the following agreement to enhance the antenna switching for 8 Rx and 6 Rx:

Agreement

For antenna switching up to 8Rx, support SRS resource configurations for {1T6R, 1T8R, 2T6R, 2T8R, [4T6R], 4T8R}.
In the Rel-15, SRS antenna switching of 1T2R, 2T4R, 1T4R, 1T4R, 2T4R, 1T=1R, 2T=2R, 4T=4R is introduced for DL CSI acquisition. With the development of new commercial form-factor CPEs and laptops, the requirements of supporting antenna switching with up to 6Rx and 8Rx are emerging. The main benefits of supporting 6Rx/8Rx are to enable higher date streams of PDSCH and improve the DL spectrum efficiency. Considering typical products in the market are usually equipped with 1 or 2 Tx antennas it is preferred to expand the SRS antenna switching to 1T6R, 2T6R, 1T8R and 2T8R SRS.  Further enhancement, e.g. 4T8R, can also be considered for the powerful UE in some future. 
	UE capability
	SRS Resource Set
	SRS Resource
	SRS port

	1T6R
	up to two SRS resource sets
	each set has three SRS resources 
or
each set contain different number of SRS resource depends on gNB flexible configuration

	each SRS resource in a given set consisting of a single SRS port

	1T8R
	up to four SRS resource sets
	each set has two SRS resources 
or 

each set contain different number of SRS resource depends on gNB flexible configuration
	each SRS resource in a given set consisting of a single SRS port

	2T6R
	One SRS resource set
	each set has three SRS resources 
	each SRS resource in a given set consisting of two SRS ports

	2T8R
	up to two SRS resource sets
	each set has two SRS resources 
or
each set contain different number of SRS resource depends on gNB flexible configuration
	each SRS resource in a given set consisting of two SRS ports

	4T8R
	One SRS resource set
	each set has two SRS resources 
	each SRS resource in a given set consisting of four SRS ports


Proposal 4: Rel-17 supports the enhancement on antenna switching with up to 6Rx and 8Rx: {1T6R, 2T6R, 1T8R, 2T8R, 4T8R} with the configuration SRS resources described in the above Table.
4. SRS capacity and/or coverage enhancement
4.1. Candidate schemes for Class 2
In the RAN1 NR #103e meeting, we made the following agreement on further study on Class 2 enhancement:
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

SRS capacity enhancement is very important to ensure the performance of UL/DL transmission, especially in UE dense area. In Rel-15, the UE may be configured by the higher layer parameter resourceMapping in SRS-Resource with an SRS resource occupying 
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 adjacent symbols within the last 6 symbols of the slot. In Rel-15, there are 8 symbols not available for SRS transmission, which limits the SRS capacity. Moreover, SRS for NR positioning, LTE Rel-16 SRS and SRS for NR-U already support up to 14 symbols in a slot for SRS transmission, it is unclear whether the SRS design for NR-U can also be applied to the licensed band (which needs further discussion in RAN1 / RAN plenary). More symbols for SRS transmission brings the possibility of increasing SRS repetition, thereby improving the coverage of SRS.

For Scheme 2-1, inter-slot repetition on consecutive symbols across slots is shown as Figure xx, with repetition configure as{1,2,4,8,12}, UE can transmit SRS on consecutive symbols across slots, it increases the probability  to transmit aperiodic SRS with higher number of repetitions, and even allows much more times of hopping to detect much more region frequency channel. For example, the number of adjacent OFDM symbols for SRS is configure as 8, once UE is allowed to transmit SRS inter-slot repetition on consecutive symbols the start position can be selected from 8 candidate options which achieve more flexible configuration and improve the coverage as well.
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 Figure 4: inter-slot repetition on consecutive symbols across slots
Inter-slot repetition on non-consecutive symbols across slots is shown as Figure xx, it allows UE transmit SRS on non-consecutive symbols even non-consecutive slot, also it will cause phase coherence issues as time bundling does. More study and simulations should be carry out to evaluate this proposal. So far we didn’t see the benefit to enhance this feature.
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 Figure 5: Inter-slot repetition on non-consecutive symbols across slots
Therefore, Option 2-1 is preferred. 
Proposal 5: To increase the SRS capacity and enhance SRS coverage, support Option 2-1 and support up to 14 symbols within a slot for normal SRS transmission.
4.2. Candidate schemes for Class 3
We made the following agreement in the RAN1 NR #103e meeting on Class 3:
Agreement
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
Scheme 3-4 and scheme 3-5 are the enhancements follow partial sounding, these two schemes are the lower priority in Class 3. We mainly focus on the discussion about the scheme 3-1, 3-2 and 3-3 in this doc.
In Rel-15, partial sounding is supported and can be configured by RRC parameters, as seen from Figure 6, which is an example of full frequency hopping and assume
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. As for one SRS resource, a subband SRS is transmitted during one OFDM symbol, i.e., 12PRBs, SRS transmission in the full bandwidth will through 4 OFDM symbols. Partial sounding can be used in power-limited scenarios since the subband SRS transmission provide additional power boosting. So, partial sounding is a needed function and beneficial for precisely channel estimation, Rel-17 should consider the enhancement about partial sounding.
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Figure 6: Rel-15 frequency hopping

4.2.1 RB-level partial sounding -- Partial sounding on each hop
For the method of partial sounding on each hop, as seen from Figure 7, configure with 
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, full bandwidth is 48 PRBs and each subband contains 12 PRBs. During one OFDM symbol, SRS only transmit on 6 PRBs on each hop, while 12 PRBs are used for SRS transmission for the current Rel-15 frequency hopping, where the remain 6PRBs is reconstructed by interpolation. Partial sounding on each hop not only provides larger SRS capacity, but also brings extra 3 dB power boosting at the cost of lower SRS density.
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Figure 7: Partial sounding on each hop

4.2.2 Subband-level partial sounding -- Subset sounding

For subset sounding, UE only transmit SRS on a subset of OFDM symbols which reduces the hopping times 
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. For example, as seen from Figure 8, UE chose the last two OFDM symbols to transmit SRS. Subset sounding has no power boosting, but on the other hand, it brings capacity benefit and compress SRS transmission in time domain, which can be a potential usable functionality in the high speed scenario.
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Figure 8: Subset sounding

4.2.3 RE-level partial sounding -- Larger comb size

The method with lager comb size (Figure 9) can also achieve similar goals without introducing a new hopping pattern, i.e., comb-8 or even comb-12. For example, comb-4 has the same power boosting and capacity enhancement as partial sounding on each hop with comb-2. The design for SRS for positioning in Rel-16 can be reused if a larger comb size is introduced in Rel-17. Further simulations results will give the performance comparison of the methods mentioned above. 
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Figure 9: Larger comb size

4.2.4 Simulation results
In this section, simulation results are provided to evaluate the performance of the three above-mentioned schemes, i.e., partial sounding on each hop, subset sounding and larger comb size schemes. Specifically, we consider 48 PRBs as the full bandwidth, the subband granularity is 8 PRBs, and the full bandwidth can be covered by 6 hops. BLER is used as the metric for performance comparision. The specific simulation parameters can be seen as Table 1.
	Parameter
	Value

	Metric
	UL BLER

	Carrier frequency, SCS, System BW, PRBs
	FR1: 4GHz, 30kHz, 20MHz, 48PRBs

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

	UE speed
	3km/h 

	Number of UE antennas 
	4T4R with (M, N, P) = (2,1,2), (dH, dV) = (0.5, 0.5) λ,
2T2R with (M, N, P) = (1,1,2), (dH, dV) = (0.5, 0.5) λ,

	Number of gNB antennas
	32T32R with (M, N, P) = (4,4,2), (dH, dV) = (0.5, 0.5) λ,

	MCS 
	MCS=QPSK/64QAM

	Precoding granularity
	Wideband.

	SRS periodicity 
	5 slots

	SRS Comb
	Comb 2, for legal hopping, RB-level and subband partial sounding 
Comb 4/8 for RE-level partial sounding

	Frequency hopping
	Enabled for partial sounding with [image: image20.png]MgRrs 3



 = 8

	Hopping times
	6 hops


Table 1: Partial sounding simulation parameter
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Figure 7: The performance of 2T32R 64QAM UL BLER for different partial sounding
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Figure 8: The performance of 2T32R QPSK UL BLER for different partial sounding
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Figure 9: The performance of 4T32R 64QAM UL BLER for different partial sounding
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Figure 10: The performance of 4T32R QPSK UL BLER for different partial sounding

Figures 7-10 show the the performance of various methods for different transmit antennas and different modulaion, where Tx and modolation are set to 2T 64QAM, 2T QPSK, 4T 64QAM and 4T QPSK, respectively. Comb-2 provides a baseline performance of other methods. It is observed that the performance differences between those three methods are negligible. Besides, comb-4 and partial sounding on each hop has 3dB power boosting than comb-2, meanwhile comb-8 has 6dB power boosting than comb-2. Moreover, comb-4, partial sounding on each hop and subset sounding support twice as many simultaneously UE as comb-2, at the same time, comb-8 supports four times as many simultaneously UE as comb-2. 

From the pespective of standardization efforts, larger comb size for SRS for positioning has been supported in Rel-16. Thus, the scheme of larger comb size will need very little standardization efforts. In contrast, the other two schemes (i.e., partial sounding on each hop, subset sounding) need a large amount of standardization efforts, e.g., basic unit in frequency domain for each hopping, pattern for hopping and so on.
Observation 4: Considering the influence of capacity and BLER performance, RE-level method is the optimal option in DL BLER comparison. 
Proposal 6: Rel-17 supports the comb size of 8 to improve SRS capacity.
5. Usage/overhead reduction

In Rel-15/16, UE can be configured with multiple SRS resource sets with different usages. The SRS resources in different SRS resource set can be the same or different. For example, for a SRS resource set with 4 SRS resources for antenna switching of 1T4R, one of the resources can be configured in the SRS resource set for codebook based transmission. Then the same transmit antenna can be used for SRS and PUSCH transmission via resource sharing between SRS for codebook and SRS for antenna switching. Even for other cases, e.g. 2T4R or 1T2R, similar resource sharing can be implemented by gNB. If SRS resources for antenna switching and PUSCH have different number of ports, the use case to share the same resource between the two usages is unclear. Also, the benefits of resource sharing between two SRS resources in different BWPs are unclear. Further enhancement on resource sharing based on current specification and implementation should be justified. 
Observation 5: Resource sharing between different usages was already supported in Rel-15. 
6. Conclusions
In this contribution, we discuss simulation assumptions and potential solutions for Rel-17 SRS enhancement. The proposals are summarized as below:
Observation 1: Compared with Opt.2, Opt.1 seems a more simply way to determine slot offset by only one parameter.
Observation 2: Implicit indication way is set slot offset t by per SRS resource set and more flexible.

Observation 3: MAC CE update can be discuss after the implicit or explicit indication method of DCI is determined.
Observation 4: Considering the influence of capacity and BLER performance, RE-level method is the optimal option in DL BLER comparison. 
Observation 5: Resource sharing between different usages was already supported in Rel-15. 
Proposal 1: Support Option 1 and the Reference slot for aperiodic SRS is the slot with the triggering DCI.

Proposal 2: Support implicit indication of t. 

Proposal 3: The available slot is determined only based on the slot format configured by RRC. 
Proposal 4: Rel-17 supports the enhancement on antenna switching with up to 6Rx and 8Rx: {1T6R, 2T6R, 1T8R, 2T8R, 4T8R}.
Proposal 5: To increase the SRS capacity and enhance SRS coverage, support Option 2-1 and support up to 14 symbols within a slot for normal SRS transmission.
Proposal 6: Rel-17 supports the large comb size of 8 to improve SRS capacity.
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