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1	Introduction
In [1], a work item for further enhancements to NR MIMO was agreed. One objective of the work item concerns enhancements to SRS.
Enhancement on SRS, targeting both FR1 and FR2:
a. Identify and specify enhancements on aperiodic SRS triggering to facilitate more flexible triggering and/or DCI overhead/usage reduction
b. Specify SRS switching for up to 8 antennas (e.g., TR,  and )
c. Evaluate and, if needed, specify the following mechanism(s) to enhance SRS capacity and/or coverage: SRS time bundling, increased SRS repetition, partial sounding across frequency

[bookmark: _Ref178064866]In this contribution, we consider ways to fulfil this objective, furthering the discussion in [2]. 
2	Discussion on remaining SRS topics
[bookmark: _Hlk54356278]2.1 SRS antenna-switching enhancements
2.1.1 Resolving known issues in the field with SRS AS and AS+FH up to 4R
The WID contains the scope “Identify and specify enhancements on aperiodic SRS triggering to facilitate more flexible triggering”, and we’d like to bring up one more issue on aperiodic SRS, which has very small specification impact and is in line with what we already discuss for 6R and 8R. The alternative to resolve this is to use a TEI-17, but since it is in scope, we believe it is better to handle this issue in the WI, where all SRS experts are gathered. 
There are issues with antenna switching (AS) observed in TDD deployments for numerous operators in the world (at least in Korea, Japan, China, Canada, US). These operators are prohibited to use the special slot for the needed SRS transmissions, since they are forced to use a certain special slot pattern where there are not enough UL symbols. The desired functionality is to use AS together with frequency hopping (FH) over, at least, two OFDM symbols for as good reciprocity-based MIMO as possible.
Hence, for these operators, SRS must instead be configured in the UL slots, and the UL part of the special slot either becomes unused or can be granted to transmit an inefficient short mini-slot PUSCH, which unfortunately carries a lot of DMRS overhead. This leads to a waste of spectral efficiency and inefficiencies for the operators. 
AS and AS+FH is emerging as a critical UE functionality in real TDD deployments to harvest the gain of massive MIMO and reciprocity-based DL operation and to reduce SRS interference. Below, we discuss the reason for these issues and how to resolve this in NR Rel. 17. The problematic cases for using SRS in special slots (leaving out the  cases) can be summarized as follows:
· For operators with 2 UL symbols in special slot, AS or AS+FH cannot be used at all (i.e., for any of 1T2R, 2T4R, 1T4R), since there is no room for a guard period (GP).
· For operators with 3—4 UL symbols in special slot, AS+FH cannot be used at all. AS only (without FH) can be used for 1T2R and 2T4R. 1T4R cannot be used in a single slot at all.
Some very useful and rather simple enhancements for AS to resolve these cases are:
· In current NR, 1T2R and 2T4R aperiodic SRS is limited to one resource set with two SRS resources, this means they cannot be used in 2 UL symbol special slot patterns. With AS+FH, they additionally cannot be used for 3—4 UL symbol special slot, which increases the vulnerability to interference. 
· It would be beneficial to support aperiodically triggered 1T2R and 2T4R as 2 resource sets with 1 or 2 ports each in two different slots respectively.
· 1T4R aperiodic SRS is limited to two resource sets with 2 single-port SRS resources in slot A and 2 single-port SRS resources in slot B (or a 1+3 split) since the slot offset is tied to the resource set, this means special slots with 2 UL symbols cannot be used for 1T4R AS and special slots with 3—4 UL symbols cannot be used for 1T4R AS+FH. 
· It would be beneficial to support aperiodically triggered 1T4R with 4 resource sets with 1 port each in four different slots. This would allow aperiodic SRS to be transmitted in the UL symbols in 4 different special slots to increase the efficiency. In addition, FH can be enabled (for special slots with more than 2 UL symbols) to improve interference reduction. 
· In addition, to improve the flexibility and enable 1T4R aperiodic SRS to be transmitted in a single UL slot (note that more than 6 OFDM symbols per slot is supported for SRS transmission from NR Rel. 16), it would be beneficial to support aperiodically triggered 1T4R with 1 resource set with 4 single-port SRS resources. Note that aperiodically triggered 1T6R with 1 resource set (and 6 single-port SRS resources in said resource set) will be supported in NR Rel. 17.
We thus propose:
[bookmark: _Toc66683012][bookmark: _Toc83999198]Support  resource sets for 1T2R and 2T4R aperiodic SRS.
[bookmark: _Toc83999199]Support  resource sets for 1T4R aperiodic SRS.
2.1.2 Guard period issues
For the GP discussion, there are two issues. The first issue is the presence of GP. It seems from LTE discussions that the GP is not strictly necessary for implementation. If such technology is available, it would greatly simplify AS and AS+FH configuration in special slots and reduce GP overhead. This will be device dependent and is thus subject to UE capability. Hence, we support this and propose: 
[bookmark: _Ref84002839][bookmark: _Toc83999200]Support RRC-configurable presence of GP for AS in FR1 as in LTE. Naturally, this is subject to UE capability (i.e., support Alt 1-1).
Another advantage with configurable presence of GP for AS is that aperiodic triggering of 1T8R with 1 resource set with 8 single-port SRS resource is possible (i.e., all ports can be sounded in a single slot for maximum flexibility). In short,  resource sets for 1T8R (in addition to , which was agreed in RAN1#106-e) can be supported if GP is not configured.
The second issue is whether GP is needed between resource sets (for AS) in case gNB configures two sets adjacent to each other (e.g., across slots). We believe it could help UE implementation in some cases, and thus support this, unless the UE has indicated in the UE capability that it does not require a GP for AS (as in the previous issue). Hence, we’d like to modify Alt.2-1 as follows:
[bookmark: _Toc83999201]Unless a UE has indicated that it doesn’t require a GP for AS, a GP between two resource sets applies if they contain SRS resources in adjacent symbols (i.e., support a modified Alt 2-1). 
[bookmark: _Hlk68083659]2.1.3 SRS AS for 4T6R
In the previous meeting it is was agreed to specify SRS configurations dedicated for UEs with 4 TX and 6 RX, (i.e., 4T6R AS). Several different options were proposed in last meeting for this issue:
1. Three SRS resources, each with 2 ports and where no GP is needed between the SRS resources, i.e., 2+2+2 without gap period in between.
2. Two SRS resources, each with 4 ports, i.e., 4+4.
3. Three SRS resources, each with 4 ports, i.e., 4+4+4.
4. Two SRS resources, one with 4 ports and one with two ports, i.e., 4+2 (or 2+4)
The first alternative (see, e.g., [3]) could have some benefits compared to SRS configurations for 2T6R, since no guard period is required between the SRS resources (for a given UE, the SRS transmission, including GPs, will only occupy 3 OFDM symbols with this solution compared to 5 OFDM symbol (including 2 GPs) for the SRS configuration agreed for 2T6R). We note, however, that this solution could be achieved also by configuring 2T6R with no guard period if UE has reported such capability (cf. Proposal 3). 
For the second alternative, four out of six UE antennas are sounded once, while two UE antennas are sounded twice (assuming no repetition). For the UE antennas that are sounded once, the total SRS power is only half compared to the UE antennas that are sounded twice, which will cause an un-even channel-estimation quality for the different UE antennas, which is expected to cause deteriorated DL reciprocity-based MIMO performance. 
For the third alternative (see, e.g., [4]), where each antenna port is mapped to an SRS port in two different SRS resources belonging to the same SRS resource set, each UE antenna will be sounded twice (assuming no repetition). This alternative can be beneficial for example in case a UE is supporting a total maximum output power of 23 dBm (i.e., UE power class 3), and is equipped with four 17dBm PAs (one 17dBm PA per TX chain). In this case we can achieve 20 dBm in total per UE antenna in 5 OFDM symbols (including 2 GPs). Using the agreed SRS configurations for 2T6R and achieving the same power per UE antenna (i.e., using repetition factor 2), would, for this specific UE architecture, require 8 OFDM symbols (including GPs). Hence, this solution seems to have some merits compared to the SRS configurations agreed for 2T6R.
For the fourth alternative, four UE antennas will be sounded in a first OFDM symbol, and the remaining two UE antennas will be sounded in a second OFDM symbol (assuming no repetition and with a GP in between the first and second OFDM symbol). Since the SRS power control specified in Rel. 15 is ambiguous, it is not clear which power the UE would use per SRS port for the SRS resource with 2 ports. For example, a 23 dBm capable UE might use 17 dBm output power per SRS port for the 4-port SRS resource and 17 dBm output power per SRS port for the 2-port SRS resource. Alternatively, it might use 17 dBm output power per SRS port for the 4-port SRS resource and 20 dBm output power per SRS port for the 2-port SRS resource. Since the gNB does not know which output power that the UE has used per SRS port for the 2-port SRS resource (which for example can depend on implementation of the SRS power scaling or depends on the available output power per PA), it will be difficult for the gNB to determine the true channel, which is expected to cause deteriorated DL reciprocity-based performance.
Based on this discussion, we propose to support the third alternative, i.e., 4T6R AS using three SRS resources with 4 SRS ports per SRS resource.
[bookmark: _Toc61874756][bookmark: _Toc83999202]For 4T6R, support an SRS resource set with 3 SRS resources, where each SRS resource is configured with 4 SRS ports.
2.1.3 Triggering a subset of an SRS resource set
In NR Rel. 16, additional UE-capability signaling was introduced indicating that the UE supports SRS AS where only a subset of the UE antennas is sounded, which can be used to reduce UE energy consumption and SRS overhead at a cost of reduced DL performance. In NR Rel. 17, SRS AS will be extended to up to 8 RX and this feature is expected to become even more important. 
SRS resources used for reciprocity-based MU-MIMO with a potentially large number of UEs consume significant UL resources. Furthermore, reciprocity-based MU-MIMO is predominantly used in TDD systems where some deployments have few UL slots or few UL symbols in special slots. Hence, to be able to dynamically manage these resources becomes important as the traffic load increases. Note that both full-channel (i.e., sounding all UE antennas) and partial-channel (i.e., sounding a subset of the UE antennas) sounding provides the possibility to perform MU-MIMO scheduling but as the acquired channel knowledge is different, performance will also differ. Hence, it is possible to trade-off overhead with performance by adapting the SRS transmission scheme.  
[bookmark: _Toc66682996][bookmark: _Toc83999195]Dynamically/semi-statically adapting the SRS configurations is important to manage SRS load and to enable fast tradeoff between SRS overhead and performance/need. 
One possible solution is to configure, e.g., a 2T4R UE with one SRS resource set triggered with a first SRS trigger state used to sound all four UE antennas (to maximize DL performance) and a second SRS resource set with a second SRS trigger state used to sound only two of the four UE antennas (to save SRS overhead). However, due to limitations in the number of aperiodic trigger states (three trigger states are currently supported in NR) and since different aperiodic trigger states might be used for triggering SRS resource sets with different usages and/or with different slot offsets, the possibilities to adapt the number of sounded UE antennas in this way is limited. 
Therefore, an enhancement is needed to more efficiently adapting the number of UE antennas that are sounded with AS. For a UE that support multiple TR values, it is beneficial if switching between them can be done faster than using RRC. 
[bookmark: _Toc66683022][bookmark: _Toc83999203][bookmark: _Toc61874759]Introduce MAC-CE signaling for adapting the UE antennas that are sounded for AS, i.e., enable “faster than RRC” switching between different supported TR AS configurations.  
2.1.4 UE reporting of power offset across antenna ports
It has been proposed by companies to introduce UE-capability signaling for reporting power offsets across antenna ports for SRS DL CSI acquisitions. While this was raised in the context of 1T8R (e.g., in [4]) where a 1T4R UE expands its reception capability to 1T8R, thereby incurring extra losses for the added 4 RX chains, there is already a similar issue in NR Rel. 15.  In NR Rel. 15, any RX chain other than the “primary” RX chain can have reduced maximum output power, as shown in the excerpt of 38.101-1 16.8.0 below.  If UEs can instead always transmit without the 3—7.5 dB power reduction from the ∆TRxSRS, that could significantly improve the quality of CSI at the gNB.
	[bookmark: _Toc45888100][bookmark: _Toc45888699][bookmark: _Toc59649980][bookmark: _Toc61357244][bookmark: _Toc61359018]6.2.4	Configured transmitted power
The UE is allowed to set its configured maximum output power PCMAX,f,c for carrier f of serving cell c in each slot. The configured maximum output power PCMAX,f,c is set within the following bounds:
PCMAX_L,f,c ≤  PCMAX,f,c  ≤  PCMAX_H,f,c with
	PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass) – MAX(MAX(MPRc+∆MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }
PCMAX_H,f,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass }
…
	∆TRxSRS is applied when 
a)	UE transmits SRS to other than first SRS port when the SRS-TxSwitch capability is indicated as ‘1T2R', '1T4R' or, '1T4R/2T4R'
b)	UE transmits SRS to other than first or second SRS port when the SRS-TxSwitch capability is indicated as ‘2T4R' or '1T4R/2T4R', or
c)	UE transmits SRS to a DL-only carrier
	The value of ∆TRxSRS is 4.5dB for n79 and 3 dB for bands whose FUL_high is lower than the FUL_low of n79 when the device is capable of power class 3 in the band.  The value of ∆TRxSRS is 7.5dB for n79 and 6 dB for bands whose FUL_high is lower than the FUL_low of n79 when the device is capable of power class 2 in the band.
For other SRS transmissions ∆TRxSRS is zero.



[bookmark: _Toc83999204]Consider UE capability reporting for ∆TRxSRS = 0 dB for Rel-15/16 AS switching configurations as well as for >4 RX.
2.2 Rules for handling aperiodic SRS collisions 
A remaining issue for aperiodic SRS is to specify UE behavior in case of trigger collisions as indicated by the FFS from RAN1#104-e: 
· FFS: Rules to handle the case of multiple SRS resource sets with overlapping symbols and/or triggered by a same DCI.
If a trigger point contains multiple SRS resource sets, these sets may then have individual classification of available slots since an available slot is defined by
· 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.
Hence, one slot may be classified as available for one triggered set but not the other triggered set. This can, lead to that two sets ends up in the same available slot. If this occurs, a rule needs to be specified to determine which set should be transmitted and which should be dropped.
The most time-critical SRS usage is AS since it is used for DL CSI where MU-MIMO precoding may be based on the instantaneous channel (i.e., on the phase). Therefore, this usage should be prioritized when collisions occur. The least time sensitive SRS usage is the beam management as it doesn’t utilize the phase relations. Hence, we make the following priority proposal:
[bookmark: _Toc83999205]In case multiple triggered SRS resource sets collide, i.e., map to a potential transmission in overlapping OFDM symbols, set dropping applies based on priority where lower priority set is dropped. Priority is based on set usage, where antenna switching has highest priority and beam management has lowest. 
2.3 SRS capacity and/or coverage enhancements
2.3.1 Partial sounding
In RAN1#104b-e, the following was agreed:Agreement (RAN1#104b-e)
· For RPFS in Rel-17, support .  
· FFS  3, 8, 12, 16 or fractional numbers 
· Support at least one of the following alternatives
· Alt 1:   is an integer value
· Alt 2:   is an integer value with minimum value 4
· Alt 3:   is a multiple of 4
· Alt 4: Round  to a multiple of 4 in case of Alt 1 or Alt 2

In RAN1#106-e, it was agreed that a length- low-PAPR sequence will be used for SRS RB-level partial frequency sounding (RPFS), where  is the configured SRS bandwidth,  is the transmission comb, and  is the partial-sounding factor. Furthermore, in RAN1#104-e, it was agreed that no new SRS sequence lengths other than those supported in NR Rel. 16 specification should be introduced. 
To use existing SRS sequences (of length 6, 12, 18, 24, 30, 36, …, 1632) for transmission comb 2, the sounded SRS bandwidth must be an integer multiple of 1 PRB, for transmission comb 4, the sounded SRS bandwidth must be an integer multiple of 2 PRBs, and for transmission comb 8, the sounded SRS bandwidth must be an integer multiple of 4 PRBs. Adhering to these constraints involves making valid partial-sounding factors depend on the configured SRS bandwidth and on the configured transmission comb. We therefore propose:
[bookmark: _Toc83999206]Support Alt 1, i.e. mSRS,bSRS/PF  is an integer value (with minimum value 1). Valid integer values depend on the transmission comb.
In our view, there is limited motivation for supporting partial-sounding factors other than  and  as such values of  offer limited novelty compared to what can be achieved with existing SRS frequency-hopping configurations due to the restriction that no new SRS sequence lengths are to be introduced in NR Rel. 17. Therefore, we propose:
[bookmark: _Ref79153066][bookmark: _Toc83999207]Support partial-sounding factors PF=2 and PF=4. No other partial-sounding factors are supported.
In RAN1#106-e, the following was agreed:Agreement (RAN1#106-e)
Support start RB location () hopping in different SRS frequency hopping periods for RPFS and at least periodic/semi-persistent SRS, where  is the start RB index of the  RBs in the  RBs.
· For a given SRS transmission occasion,  , where  is same for all SRS occasions within a legacy FH period but changes across legacy FH periods,  and  are at least configured by RRC signaling ().
· Support at least one pattern for  in time domain, FFS detailed pattern
· Note: the legacy FH period is the period to sound the full SRS hopping bandwidth across the different subbands of  RBs each. 
· This start RB location hopping is enabled or disabled by RRC signalling.
· FFS whether MAC CE or DCI can be additionally used
· When this start RB location hopping is disabled,  is fixed to be 0 for all SRS symbols
· This start RB location hopping is UE optional.
· FFS whether start RB location hopping is also applicable on SRS occasion(s) within one FH period (e.g., when R>1) and/or on aperiodic SRS, if so, how

It is observed that the RPFS hopping can be agreed to be equivalent to  legacy FH, which must be avoided. To illustrate this point, consider an example in which , , and  such that  RBs. If RPFS with  is configured, it holds that  RBs will be sounded in each OFDM symbol. If legacy FH pattern is used for RPFS hopping, a periodic SRS transmission in two consecutive UL slots is illustrated in Figure 1. In this example, the number of SRS symbols is  and the repetition factor is . Note that the exact pattern in Figure 1 can be configured already in NR Rel. 15 through existing FH by setting either , , and  or , , and . 
Hence, introducing Rel. 17 RPFS with legacy FH pattern would have the same sounding pattern as the current NR specification for this bandwidth configuration (this example highlights only one of several bandwidth configurations for which this is the case), which cannot be the motivation for introducing RPFS in the first place.
[bookmark: _Toc83999196]It should be ensured that legacy FH pattern is not reused for RPFS hopping to avoid feature duplication in specifications.
In RAN1#106-e, examples of RPFS hopping patterns that are different from legacy FH pattern were provided in, e.g., [4], [5], and [6]. In our view, the RPFS hopping pattern should be designed such that it enables sounding a set of consecutive RBs within each slot, which could lead to increased processing gain as intra-slot bundling of SRS transmissions would not require frequency-domain interpolation. 
Therefore, we prefer that if RPFS hopping is enabled,  should be incremented by one after each transmission of  SRS symbols. In what follows, we refer to this approach as “RPFS cycling”.
In  Figure 2, we illustrate RPFS cycling for the case , , , , , and  (i.e., the same scenario as depicted in Figure 1, but with a different RPFS hopping pattern). Comparing Figure 1 and Figure 2, we note that all  RBs are sounded in both figures but that RPFS cycling results in consecutive PRBs being sounded in each slot. 
[image: ]
[bookmark: _Ref83985454]Figure 1	RPFS with legacy FH pattern.

[image: ]
[bookmark: _Ref83985987]Figure 2	RPFS cycling.
We propose the following:
[bookmark: _Toc83999208]If RPFS hopping is enabled, khopping is incremented by one after each set of  repeated SRS symbols have been transmitted.
The above proposal implies that RPFS hopping occur within one legacy FH period but not within repeated SRS symbols. The reason for this choice is to enable combining RPFS with FH and repetition, for maximum flexibility. To illustrate this point, we show in Figure 3 to Figure 6, for the case , , and , the RPFS hopping pattern for different FH and repetition-factor configurations. Note that for all configurations, over the two UL slots, the entire hopping bandwidth is sounded with the same power per frequency unit. Comparing, e.g., Figure 3 and Figure 4, we note that all  RBs are sounded in each slot if repetition is not configured (e.g., if faster sounding of the configured bandwidth is desired) whereas only  RBs are sounded in each slot if repetition 2 is configured (e.g., if increased coverage is desired).
[image: ]
[bookmark: _Ref83994950]Figure 3	RPFS with , , , , , , and .

[image: ]
[bookmark: _Ref83994957]Figure 4	RPFS with , , , , , , and .

[image: ]
Figure 5	RPFS with , , , , , , and .

[image: ]
[bookmark: _Ref83995617]Figure 6	RPFS with , , , , , , and .
Finally, a remaining issue is whether RPFS hopping should be supported for aperiodic SRS. If this feature cannot be enabled also for aperiodic SRS, the gNB will not have CSI for, at least (depending on the configured partial-sounding factor), half of the configured bandwidth as the same part will be sounded in every aperiodic SRS transmission occasion. Therefore, we propose:
[bookmark: _Toc83999209]Support RPFS hopping for aperiodic SRS.
2.5.3 Comb 8
The following agreement was made in a previous meeting:Agreement (RAN1#106-e)
For Comb-8 SRS in Rel-17, down-select one of the following in RAN1#106bis-e
· Alt 1: The maximum number of CSs for Comb-8 is 6
· Alt 2: The maximum number of CSs for Comb-8 is 12, and introduce a rule to restrict applicable CSs when SRS sequence is shorter than the maximum number of CSs 

According to the agreement, an open issue is to specify the maximum number of cyclic shifts, , that can be configured for transmission comb 8. With Alt 1, the number of cyclic shifts that can be configured for comb 8 is  (which is the number used in NR Rel. 16 for SRS for positioning). In our view, this number is not suitable for SRS for two reasons:
1. With Alt 1, there is no increase in SRS capacity. The number of SRS ports that can be multiplexed onto a configured SRS bandwidth per OFDM symbol is given by . For comb 4, the maximum number of cyclic shifts is , which results in up to  ports. For comb 8 and , it would be possible to multiplex up to  ports (same as for comb 4). Hence, no capacity gains compared to NR Rel. 16 can be achieved by using transmission comb 8 unless .
2. With Alt 1, there is an issue for 4-port SRS resources. For multi-port SRS resources, which use different cyclic shifts for different SRS ports, the maximum number of cyclic shifts should preferably be an integer multiple of the number of SRS ports per SRS resource, which can be 1, 2, or 4 (note that this is not a concern for SRS for positioning for which the number of ports is always 1). To illustrate this point, we show in Figure 7 the correlation, in the time-domain (i.e., after computing an IFFT), between SRS sequences used on the different ports for a 4-port SRS resource with the SRS sequence used on SRS port 0. Here, the SRS sequence length is 6 and the port-specific cyclic shifts are computed according to formulas in NR Rel. 16 specification. We note that the resulting SRS sequences cannot be separated by means of simple time-domain windowing, which is desired.
[image: ]
[bookmark: _Ref68629654]Figure 7	Correlation between SRS sequences used for different SRS ports in a 4-port SRS resource for the case when the sequence length is 6 and the maximum number of cyclic shifts is 6.
One potential issue with Alt 2 is that the maximum number of cyclic shifts may exceed the SRS sequence length, which, in turn, could result in nonorthogonal SRS sequences. For example, if the configured SRS bandwidth is  PRBs, the SRS sequence length is 6 samples, which is smaller than the number or cyclic shifts according to Alt 2. With this in mind, we propose:
[bookmark: _Toc83999210]Support Alt 2, i.e., the maximum number cyclic shifts for comb 8 is 12 and introduce a rule to restrict which cyclic shifts that can be configured for an SRS resource.
Such a rule may include prohibiting the configuration of some cyclic shifts in the range [, ]. Furthermore, for multi-port SRS resources, irrespectively of the agreed value of , such a rule would need to involve a mapping between port-specific cyclic shifts to the set of valid cyclic shifts, which may result in non-equidistant cyclic shifts.
With the introduction of SRS partial sounding, cases for which the maximum number of cyclic shifts is larger than the SRS sequence length could occur also for existing transmission combs (i.e., comb 2 and 4). For example, for , if the configured SRS bandwidth is  PRBs and the partial-sounding factor is , the resulting sequence length is ( samples, which is smaller than the maximum number of cyclic shifts for comb 4 (i.e., 12 cyclic shifts).
2.4 Support for dual usage of a single SRS resource 
The space and resources for SRS transmission are scarce, particularly for TDD deployments where a DL heavy TDD pattern is used, e.g., the commonly used DDDDDDDSUU pattern.  At the same time, TDD allows for reciprocity-based MIMO, which means that the SRS measurements are used for both DL CSI acquisition and for UL MIMO. Unfortunately, NR specifications tailors a certain SRS to one usage only. This implies that multiple SRS resource sets (the usage is configured per SRS resource set) needs to be transmitted, for all active UEs, in the few available UL slots. 
A desired feature would be to be able to use one SRS measurement for both usages simultaneously, which would imply that a UE does not need to transmit one SRS for DL CSI (i.e., ‘antennaSwitching’ usage, AS) and another SRS for UL MIMO (e.g., ‘codebook’ usage, CB). This leads to SRS overhead savings and UE power savings since it could halve the amount of SRS transmissions. The desired functionality is thus summarized as follows.
[bookmark: _Toc83999197]A desired NR Rel. 17 functionality when operating with simultaneous UL MIMO and DL MIMO operation for a UE is for the gNB to use a single SRS measurement for both CB and AS purposes, with no compromise in performance for none of them, compared to using separate SRS resources for CB and AS or same SRS resource in separate slots for CB and AS.
Now, it is possible already in Rel. 15 to configure an SRS resource that belongs to two sets simultaneously, which was discussed in RAN1#95, and the conclusion was (from chairman notes):Conclusion (RAN1#95)
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.

The reason for concluding this undefined behavior was:
· UE may use port mapping virtualization of SRS port to physical antenna(s), e.g., to meet a certain power class or to enhance UL MIMO performance. Such virtualization is not specified.
· It is not clear whether UE follows power control for the first or second set, as these loops are defined per SRS resource set. Hence, UE transmit power is undefined.
Now, it is argued by some companies that gNB can already today configure such dual usage and it is also claimed that “it works”. It may well be so that “it works” currently, but still the UE behavior is undefined, so performance is unpredictable and unreliable. New UE devices are released every month and it is good that optimization for antenna virtualization can be left to UE implementation, to handle the PAPR issues, meeting power class, or to optimize the performance.
It is also argued by some companies, that the UE will never do anything “strange”, i.e., if dual usage is configured, it will transmit SRS so it can be used for both CB and AS simultaneously. 
An obvious example is a 2 TX and 2 RX UE, configured with a 2-port SRS resource. This UE may transmit one SRS port per TX antenna, which is the same as the RX antenna. For such a UE, one SRS transmission can be used by the gNB for both AS and CB. 
In our view, it would be great if such UE can report to the gNB that dual usage is possible for such 2-port SRS configuration. This requires standardization, and at the same time, the undefined power control can be defined when dual usage is adopted. 
To discuss the standardization of this, these two cases for a UE that has  TX antennas and  RX antennas are seemingly straightforward and can be the starting point:
1.  and a -port SRS resource is transmitted with dual CB and AS usage.
· For example, a UE supporting t1r1-t2r2-t4r4, configured with 4T=4R.
2.  and multiple -port SRS resources are transmitted (to implement antenna switching) with dual CB and AS usage. 
· For example, a UE supporting t2r4, configured with 2T4R
Note that configuring t2r2 in Case 1 would require virtualization and is handled separately, discussed later in this section. As mentioned, it seems these two cases are straightforward, and perhaps already frequently supported by existing UEs in the field. If capability is introduced, the UE could inform the gNB that dual usage is possible. The technical benefit we are after is that if the UE anyway support dual usage, the network should now since it will reduce the SRS overhead as discussed earlier.
A proposal to capture an agreement for Case 1 is as follows:
[bookmark: _Toc83999211]At least for a UE supporting maxNumberMIMO-LayersCB-PUSCH = , maxNumberMIMO-LayersPDSCH = , and supportedSRS-TxPortSwitch = ’t2r2’, ’t4r4’, 't1r1-t2r2’, or 't1r1-t2r2-t4r4', when a UE is configured only one -port SRS resource in a set with usage “antennaSwitching” with TR for DL CSI acquisition, the gNB can assume that the UE transmits this SRS resource in the same way (e.g., same virtualization)  as if the set would have been configured with usage ‘codebook’, and such -port SRS resource can be used for an -port UL MIMO precoder selection (i.e., TPMI selection) by the gNB.
Furthermore, the following clarifications can be added:
· RRC signaling from gNB to UE is introduced to enable the feature in this proposal, which is subject to an associated UE capability
· Whether to specify this as e.g., a new CB-AS dual usage type or as a “flag” is up to specification editors.
· This proposal applies at least for single-TRP operation and when uplink full power mode 1 or mode 2 is not enabled and FFS for other cases. 
A proposal to capture an agreement for Case 2 is as follows:
[bookmark: _Toc83999212]At least for a UE supporting maxNumberMIMO-LayersCB-PUSCH = , and, maxNumberMIMO-LayersPDSCH = , and, supportedSRS-TxPortSwitch contains ‘tr’, when a UE is configured multiple -port SRS resources in a set with usage “antennaSwitching” and the total number of SRS ports in the set across all the resources is , then the gNB can assume that the UE transmits each of these -port SRS resources in the same way (e.g., same virtualization)  as if that -port SRS resource would have belonged to a set configured with usage “codebook”. Thereby, any of these -port SRS resources can be used for an -port UL MIMO precoder selection (i.e., TPMI selection) by the gNB.
Furthermore, the following clarifications can be added:
· RRC signaling from gNB to UE is introduced to enable the feature in this proposal, which is subject to an associated UE capability
· Whether to specify this as e.g., a new CB-AS dual usage type or as a “flag” is up to specification editors.
· This proposal applies at least for single-TRP operation and when uplink full power mode 1 or mode 2 is not enabled and FFS for other cases. 
· FFS: UE behavior for PUSCH transmission when SRS from the SRS resource set with usage = ‘antennaSwitching’ is indicated, e.g., how to indicate which x-port SRS resource to use for association with PUSCH
For additional cases, more discussion is needed to understand how to formulate the proposals (if supported at all). A UE that has  TX antennas and  RX antennas but a  port SRS is configured These cases are defined as follows: 
3.  and a -port SRS resource is transmitted with dual CB and AS usage where ZTZR antenna switching is used (square case). 
a. For example, a UE supporting t1r1-t2r2-t4r4, configured with 2T2R (, ).
4.  and multiple -port SRS resources are transmitted (to implement antenna switching) with dual CB and AS usage, where 
b. For example, a UE supporting t1r4-t2r4, configured with 1T4R (, , ).
[bookmark: _Toc54298463][bookmark: _Toc54360120][bookmark: _Toc54370428][bookmark: _Toc54370474][bookmark: _Toc54351681][bookmark: _Toc54354164][bookmark: _Toc54365760][bookmark: _Toc54369795][bookmark: _Toc54371471][bookmark: _Toc54371503][bookmark: _Toc54371535][bookmark: _Toc54372438][bookmark: _Toc54294537][bookmark: _Toc54298449]3	Conclusion
We made the following observations in this contribution: 
Observation 1	Dynamically/semi-statically adapting the SRS configurations is important to manage SRS load and to enable fast tradeoff between SRS overhead and performance/need.
Observation 2	It should be ensured that legacy FH pattern is not reused for RPFS hopping to avoid feature duplication in specifications.
Observation 3	A desired NR Rel. 17 functionality when operating with simultaneous UL MIMO and DL MIMO operation for a UE is for the gNB to use a single SRS measurement for both CB and AS purposes, with no compromise in performance for none of them, compared to using separate SRS resources for CB and AS or same SRS resource in separate slots for CB and AS.
Based on the discussion in the previous sections and these observations, we propose the following:
Proposal 1	Support  resource sets for 1T2R and 2T4R aperiodic SRS.
Proposal 2	Support  resource sets for 1T4R aperiodic SRS.
Proposal 3	Support RRC-configurable presence of GP for AS in FR1 as in LTE. Naturally, this is subject to UE capability (i.e., support Alt 1-1).
Proposal 4	Unless a UE has indicated that it doesn’t require a GP for AS, a GP between two resource sets applies if they contain SRS resources in adjacent symbols (i.e., support a modified Alt 2-1).
Proposal 5	For 4T6R, support an SRS resource set with 3 SRS resources, where each SRS resource is configured with 4 SRS ports.
Proposal 6	Introduce MAC-CE signaling for adapting the UE antennas that are sounded for AS, i.e., enable “faster than RRC” switching between different supported TR AS configurations.
Proposal 7	Consider UE capability reporting for ∆TRxSRS = 0 dB for Rel-15/16 AS switching configurations as well as for >4 RX.
Proposal 8	In case multiple triggered SRS resource sets collide, i.e., map to a potential transmission in overlapping OFDM symbols, set dropping applies based on priority where lower priority set is dropped. Priority is based on set usage, where antenna switching has highest priority and beam management has lowest.
Proposal 9	Support Alt 1, i.e. mSRS,bSRS/PF  is an integer value (with minimum value 1). Valid integer values depend on the transmission comb.
Proposal 10	Support partial-sounding factors PF=2 and PF=4. No other partial-sounding factors are supported.
Proposal 11	If RPFS hopping is enabled, khopping is incremented by one after each set of  repeated SRS symbols have been transmitted.
Proposal 12	Support RPFS hopping for aperiodic SRS.
Proposal 13	Support Alt 2, i.e., the maximum number cyclic shifts for comb 8 is 12 and introduce a rule to restrict which cyclic shifts that can be configured for an SRS resource.
Proposal 14	At least for a UE supporting maxNumberMIMO-LayersCB-PUSCH = , maxNumberMIMO-LayersPDSCH = , and supportedSRS-TxPortSwitch = ’t2r2’, ’t4r4’, 't1r1-t2r2’, or 't1r1-t2r2-t4r4', when a UE is configured only one -port SRS resource in a set with usage “antennaSwitching” with TR for DL CSI acquisition, the gNB can assume that the UE transmits this SRS resource in the same way (e.g., same virtualization)  as if the set would have been configured with usage ‘codebook’, and such -port SRS resource can be used for an -port UL MIMO precoder selection (i.e., TPMI selection) by the gNB.
Proposal 15	At least for a UE supporting maxNumberMIMO-LayersCB-PUSCH = , and, maxNumberMIMO-LayersPDSCH = , and, supportedSRS-TxPortSwitch contains ‘tr’, when a UE is configured multiple -port SRS resources in a set with usage “antennaSwitching” and the total number of SRS ports in the set across all the resources is , then the gNB can assume that the UE transmits each of these -port SRS resources in the same way (e.g., same virtualization)  as if that -port SRS resource would have belonged to a set configured with usage “codebook”. Thereby, any of these -port SRS resources can be used for an -port UL MIMO precoder selection (i.e., TPMI selection) by the gNB.
[bookmark: _In-sequence_SDU_delivery]
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