3GPP TSG RAN WG1 #107-e			                                                                                      R1-2111602
e-Meeting, November 11th – 19th, 2021

Agenda item:	8.1.3
Source: 	CMCC
Title: 	Enhancements on SRS flexibility, coverage and capacity
[bookmark: DocumentFor]Document for:	Discussion and Decision

1. Introduction 
In the RAN1#107e meeting, several agreements have been achieved for the SRS enhancements [1]. The agreements are listed in the front part of each section to facilitate the discussion. 
In this contrition, we provide our views on SRS flexibility, coverage and capacity enhancements.
2. Discussion
2.1 Flexibility enhancements
Collision handling 

In the #106 meeting, the collision issue is still under the discussion and no conclusion have been made. 
	FL Proposal 2-1: Introduce dropping rule when collision happens among multiple aperiodic SRS resource sets in a same CC or different CCs.
· Select one or more Support a combination of the following priority rules
· Rule 1 – Based on usage
· Rule 2 – Based on set ID and CC ID
· Rule 3 – Based on order of the triggering DCI
· Rule 4 – Based on type of the aperiodic SRS (e.g., with Rel-17 offset or not)
· The new dropping rule is a UE optional feature
· FFS collision handling among Rel-17 flexible SRS and other UL channels/signals




The collisions that multiple SRS resource sets are triggered by a same DCI but with overlapping symbols could be avoided through scheduling. The multiple transmissions of SRS resources could be separated through different offsets and the value t. gNB should have the full information of SRS transmission, then it could avoid the overlapped aperiodic SRS triggering. There is no reason for gNB triggering a SRS and then in the next slot triggering a SRS in the same slots. Per the FL proposal in the last meeting, we suggest to remove the “same CC” in the main bullet. For multiple CC’s case, if the multiple CCs is too many for gNB handling, it could be understandable. But for single UE on single CC, it seems not the case. 

[bookmark: _Hlk68275637]Observation 1:
The case of multiple SRS resource sets with overlapping symbols with single DCI or multiple DCIs could be avoided through the scheduling of gNB and the setting with different slot offset in RRC or value t.

Proposal 1:
The collision between SRS resource sets in same CC should be avoided based on gNB’s scheduling. No collision rules should be defined for single CC’s case.

For the dropping rule, the combination of Rule 1 and Rule 2 is more reasonable. Among multiple CCs, usage of SRS should be considered first. And then if multiple CCs have the same usage, the component carrier with the lowest id should have the 1st priority to transmit the AP SRS. Among the multiple usage of SRS, beam management is to facilitate of FR2 uplink transmission. If the UL beam cannot point to the serving TRP accurately, the uplink transmission would be failed. Once the UE works in FR2, the usage of beam management should have the highest priority. SRSs for antenna switching are used for DL CSI, which is important for DL MIMO transmission. And the CB and NCB are for uplink transmission. As in some component carrier, the UEs may only support DL transmissions. Then the Antenna switching should have the 2nd priority. And the CB and NCB could be the last. And as the CB and NCB may not configured at same time, then there is no need to further differentiate the CB and NCB transmission.

Proposal 2: 
Support the combination of Rule 1 and 2 as the dropping rule for multiple CCs’ collision issue. 

Proposal 3:
UE should determine the priority first based on the usage and then the CC numbers.

Proposal 4:
The usage of beam management should have the first priority. The Antenna switching has the second priority. And the CB and NCB SRS should have the 3rd priority.

Collision handling among flexible SRS and other UL channels are not preferred. As in Rel-15/16, the collision resolutions have been clearly defined. 


Determination on the value of t

	[bookmark: _Hlk67580266]Agreement
Bit width of SOI depends on the maximum number of “t” values configured for any of the aperiodic SRS resource sets (FFS: across all CCs or across a CC/BWP)
· The SOI field is 0 bit if the maximum number of ‘t’ values is one
· If at least one resource set has “t” configured
· For the resource sets with “t” value configured, each of them is configured with K values of “t”, where 1<=K<=4
· t=0 applies for the resource set(s) without “t” configured in RRC
· If none of the resource sets is configured with “t” values, follow Rel-15 approach to determine slot offset




It was determined the bit width of t value indication in DCI depends on the maximum number of configured t values. When no value or single value of t is configured for one SRS resource set, no DCI indication is needed. And if 2,3 or 4 values are configured, one or two bits are needed. The SRS resource sets are triggered through different trigger state and the t value numbers could be different according the configuration. When the DCI field is determined according to the maximum t value number of SRS resource sets, there could be unused indication. For example, an SRS resource set with single value or no configuration of t value is triggered. And the field of t value indication in DCI should remain to keep the DCI size consistent. Then if the SOI field is 2 bits, and only 2 values are defined for the triggered SRS resource set. The additional one bit would not be used. In case of only single t value or no t value is configured for the triggered SRS resource set, the t value indication in DCI field will not taking effect. And for the t value indication in DCI fields which could indicate more values than that configured for the SRS resource sets, those additional indications should not be allowed. E.g. if the SRS resource set is only configured with 2 t values, but the t value indication field in the DCI is 2 bits. Then the zero (00) and one (01) will take effect. And 3 (10) and 4(11) will not allowed to be used.

Observation 2: 
The t value indications in DCI could indicate more values than that configured for an SRS resource set.

Proposal 5:
The t value indications in DCI that out of the range of configured t value for the SRS resource set will not take effect or not be allowed. 
[bookmark: _Hlk68275651]
Flexible DCI format
[bookmark: _Hlk67645165]
	Agreement 
Further study whether and if needed, how to achieve further enhancements on aperiodic SRS triggering and resource management based on repurposing unused fields in DCI format 0_1/0_2 without data and without CSI. Consider the following examples
· CAT A: Time-domain parameters
· A-1: Indication of available slot position, i.e., the t values
· A-2: Indication of slot offset
· A-3: Indication of SRS symbol-level offset
· A-4: Indication of time-domain behavior for SRS transmission over multiple OFDM symbols, e.g., repetition, hopping, and/or splitting
· CAT B: Frequency-domain parameters
· B-1: Indication of a group of CCs for SRS transmission
· B-2: Indication of frequency domain resource in a BWP for SRS transmission
· B-3: Indication of whether DL/UL BWP is applied for SRS transmission
· CAT C: Power control parameters
· C-1: Re-purpose ‘TPC command for PUSCH’ as ‘TPC command for SRS’
· FFS impact on power control, impact from triggering a group of CCs for SRS
· C-2: Indication of open loop power control parameter e.g., p0.
· CAT D: Spatial-domain parameters, i.e., indication of SRS port and beamforming
· CAT E: Extend the number of DCI codepoints for aperiodic SRS trigger states
· Other examples are not precluded

Re-purpose
FL Proposal 2-3A: No consensus to support repurpose of DCI field(s) for SRS parameter indication in Rel-17.
FL Proposal 2-3B: Further discuss and decide if the existing TPC command field, bandwidth part indicator field, and FDRA field in the DCI configured for data transmission apply to the AP SRS or not.



[bookmark: _Hlk68275671]
As the t value would be indicated through additional DCI bits, there is no need to further discuss the repurposing of the time domain indications. 

For the indication of frequency domain parameter, the function of B-1 is covered by the DCI format 2_3. There is no need to introduced the overlapped functions. And the function of B-2 provides the flexibility for indication of sounding location in the frequency domain. But it also overlaps with the SRS configurations in RRC. As in the partial frequency sounding discussion, the motivation of dynamic indication of sounding location in the frequency domain is still not clear. Then there is no need to further introduce this function through repurposing parts of the fields. B-3 seems introducing a new function of transmitting the SRS in a DL BWP, which needs more justifications. 

[bookmark: _Hlk79163107][bookmark: _Hlk68275675]Observation 3:
The motivation of dynamically indicating the frequency location of sounding is still not clear.

For Category C and D, there is no strong motivation to support. As the TPC of SRS is also supported by the current DCI format 2_3. CAT D and C-2 could be bundled, as when the spatial domain parameter of SRS changes, the open loop power control should also change. But in the Rel-16 specification, the spatial relation information of SRS could be update through MAC CE. There is no need to further improve the flexibility of SRS spatial relations. 

[bookmark: _Hlk79163112][bookmark: _Hlk68275680]Proposal 6:
There is no need to include power control parameters (CAT C) and spatial domain parameters (CAT D) in the DCI without data and without CSI request, considering both functions have already been supported. 

The extension of DCI codepoints for aperiodic SRS trigger state could be considered, if the using scenarios could be justified. On the other hand, if the number of trigger state is increased in the DCI without data and CSI request, the trigger states in the DCI with data should also be extended. 

[bookmark: _Hlk78797675]2.2 Antenna switching up to 8Rx
2.2.1 Configurations for 4T6R

In RAN1#106bis e-meeting, the agreements on the SRS antenna switching  for 4T6R were made. And two alternatives are left for down-selection in #107 meeting.

	Agreement
On SRS configuration for 4T6R, select at least one from the following three alternatives in RAN1#107e
· Alt 1: 4 + 2
· Alt 2: 2+2+2
· Alt 2-1: 
· No guard symbols exist between the 1st and the 2nd transmission. Y guard symbol(s) exist between 2nd and 3rd transmission, where Y is same as the value defined in the current specification for different SCSs
· Alt 2-2: 
· For SCS=15, 30 and 60KHz: No guard symbols exist
· For SCS=120 KHz: No guard symbols exist between the 1st  and the 2nd transmission, and 1 guard symbol exists between the 2nd and 3rd transmission
· Clarification on the notation:  means totally K resources are needed, where the k-th resource contains  ports, 1<=k<=K




Alt 1 transmits the 4 port and 2 port SRS with Rel-15 defined guard symbols inserted in-between. Total 3 symbols will be occupied for Alt 1, if the guard symbol is one symbol for 30kHz SCS. The transmit power of each port is 1/4 and 1/2 of total transmit power for 4 port and 2 port SRS resource. Though the two port SRS have 3dB power gains compared with 4 port SRS, but channel estimation performance may not be improved, since the power of 4 port SRS is low and has a major impact to the channel estimation. 
Alt 2 transmit 2 port SRS for each time. For each port of SRS, the transmit power is 3dB higher than the 4 port SRS, due to which additional improvements could be obtained. Alt 2-1 reuse the legacy guard symbols, and occupies 4 symbols for 30kHz SCS. Alt 2-2 use the 2nd SRS symbol as one guard symbol. Then for SCS =15, 20 and 60 kHz, no explicit guard symbol is observed. The Alt 2-2 occupies 3 symbols if the SCS =30 kHz. The Alt 2-2 occupies the same symbol as Alt 1 but with additional channel estimation gains over Alt 1. Alt 2-1 and Alt 2-2 are almost the same but with different assumptions of which of the 2 port transmit chains would be used for the 3rd SRS resources. 
[image: ]
Figure 1 the Alternative 2 of the 4T6R antenna switching

Observation 4: 
The Alt 2-2 occupies the same number of symbols as Alt 1, but with additional channel estimation gains over Alt 1.

But Alt 2 requires additional transmit power capability, as for each two port SRS should support the full power transmission of SRS. Alt 1 only requires 4 port transmission with full power. And the 2nd two port SRS in Alt 1 could use the transmit chains of the 4 port SRS to reach the full power. Then considering the best performance and efficiency, the Alt 2-2 should be the 1st preference. And if the PA is limited for some UEs, then Alt 1 could also work for them but with a lower performance. 

Observation 5:
The Alt 2 and Alt 1 have different requirements of transmit power of PA.

Proposal 7:
Considering the best performance and efficiency, Alt 2-2 with no guard symbols for 15, 30 and 60kHz SCS is the 1st preference. 

Proposal 8:
Depending on the PA capability, Alt 1 is also workable as 2nd preference.


[bookmark: _Hlk83511948]2.2.2 Guard period for antenna switching
In RAN1#106bis e-meeting, the agreement on the guard period for SRS antenna switching was made [1]:

	Agreement
For two SRS resource sets of an xTyR antenna switching located in two consecutive slots, if UE is capable of transmitting SRS in all symbols in one slot, a minimum gap period of Y symbols exists between the last OFDM symbol occupied by the SRS resource set in the first slot and the first OFDM symbol occupied by the SRS resource set in the second slot
· The value of Y is same as the inter-resource GP defined in Rel-15 
· FFS: Whether or not the minimum GP exists can be RRC configurable subject to UE capability
· Whether this inter-set GP is needed for 4T6R can be discussed later per the decision on 4T6R configuration.
· FFS: How/Whether to handle the case where the interval between SRS resource sets is larger than Y




Base on the agreement, whether the GP exists between the SRS resource sets is subject to UE capability and the RRC configurations. If the UE support zero gap between two consecutive SRS sets, then no guard symbol is needed. And gNB could configure SRS resources in the 1st symbol of the 2nd slot, no matter the SRS resource is P/SP or aperiodic. 

Proposal 9: 
Whether the GP between 2 consecutive SRS resource sets could be zero depends on UE capability. 

On the other hand, if the UE does not support the zero gap capability, Y symbols should reserved between the two SRS sets in the 1st and 2nd slots. Then the issue is how to define which Y symbols should be reserved as a GP. For the periodic and semi-persistent SRS resource set, the location of SRS resources are semi-static configured. If the SRS resources in the 1st and 2nd slots are P/SP, the end symbol of SRS in the 1st slot is clear defined. Then from the last SRS symbol of the 1st slot, Y symbols could be counted. Then the Y+1 symbol after the last SRS symbol in the 1st slot could be used for the 2nd SRS resource set. The 1st or the first 2 symbols would be reserved for the GP.  The SRS symbols in the 2nd set which overlapped with GP should not be transmitted. When one of the SRS resource set is aperiodic and the other is P/SP, the aperiodic SRS resources should have higher priority. Depending on the location of the AP SRS resources, the last Y symbols or smaller than Y symbols in the 1st slot, or the first Y (or smaller than Y) symbols in the 2nd slot should be reserved as GP. As the AP SRS transmissions are triggered by DCI, then UE have enough time to process the DCI and determine the location of GP. And if the two SRS sets are both aperiodic, then the Y symbols or smaller than Y symbols should be reserved. 

Proposal 10:
A rule should be defined for the location of GP when UE does not support the capability of zero gap between the 2 consecutive SRS resource sets. 

Proposal 11:
One rule which considers the SRS resource type could be defined as, 
· When the two SRS resource sets are periodic or semi-persistent, the 2nd GP symbols depends on the last SRS symbols in the 1st slot. The Y or smaller than Y symbols should be reserved as GP. The SRS symbols in the 2nd slot/ SRS sets that overlapped with GP should not be transmitted. 
· When one of the two SRS resource sets is aperiodic and the other is P/SP SRS resource set, the AP SRS resources have higher priority. 
· If the AP SRS resource is in the 1st slot, the GP is counted from the last AP SRS symbol.  The symbols in the P/SP SRS resource set that overlapped with GP should not be transmitted.
· If the AP SRS resource is in the 2nd slot, the GP is the Y symbols in front of the first symbol of the AP SRS resources.
· When both of the SRS resources are aperiodic SRS resource sets, the 1st AP SRS has a higher priority. And the GP should be counted after the last symbol of the  1st SRS resource set.

A second way is more static and does not depend on the SRS resource types. The first Y symbols in the 2nd slot should be reserved as GP, no matter which resource type the SRS resource sets are.

Proposal 12:
The first Y symbols in the 2nd slot could be reserved as GP as one option.

Under this agreement, when the interval between SRS resource sets is larger than Y and not occupied for other UL transmission, there is no need to further handle it. 

Proposal 13:
There is no need to further handle it, when the interval between SRS resource sets is larger than Y and not occupied for other UL transmissions.

2.3 Coverage and capacity enhancements

Partial frequency sounding
There are still remaining issues for partial frequency soundings, including PF values, starting RB location hopping, applicable cases and further restriction on the number of RB.
	Agreement
For the detailed pattern of khopping when start RB location hopping across legacy FH periods is enabled, support the following
· For PF = 2, khopping = {0, 1}
· For PF = 4, khopping = {0, 2, 1, 3}
· Note: [image: ]  means [image: ] for the (n+1)-th legacy FH period, where n = {0, 1, 2, 3, …}

FL Proposal 4-1: No consensus to support PF values other than {2, 4} for RPFS in Rel-17.





Current PF values contains 2 and 4, with additional 3dB and 6dB coverage gains which improves the channel estimation performances. The introduction of other values needs justifications. First, whether current maximum 6dB gains is still not enough for the coverage enhancements needs clarified. As only parts of the frequency domain are sounded, performance losses also happen. If the factor increases, the bandwidth for each hop decreases, which also induce performance loss for channel estimation. From the perspective of coverage/performance enhancement, only values larger than 4 are worth discussion. And if the larger factor is introduced, addition limitations are needed to prevent the scaled bandwidth too small and damaging the channel estimations. Currently, additional 6dB is enough considering legacy SRS frequency hopping could also reduce the bandwidth and bring the power gains.

Observation 6:
Only factors larger than 4 are worth further discussion. And additional limitations are needed for the larger partial frequency sounding factors to prevent the performance loss. 

Proposal 14:
No need to introduce other values other than {2, 4} for RPFS in Rel-17.

As the original thinking of partial frequency sounding is still sounding the whole bandwidth but with enhance coverage or power, frequency hopping is still necessary. The controversy is whether to support the partial frequency sounding in the non-frequency hopping cases, which is similar to SRS configuration with only parts of the bands. For the non-frequency hopping cases, the same effect could be realized through a different SRS bandwidth configuration. Thus there is no need to further specify the partial frequency sounding in the non-frequency hopping cases. 

[bookmark: _Hlk68275736]Observation 7:
The partial frequency sounding is applicable to the frequency hopping. And in the non-frequency hopping configuration, a same effect could be realized through SRS resource configurations.

Proposal 15:
As the same or similar pattern could be realized through RRC configuration, no need to further support the partial frequency sounding in the non-frequency hopping case. 

The configurations of partial frequency sounding, such as the value of Pf and the specific part of the sub-band should be configured through RRC configurations. The activation or updates of the Pf factors and the position within the sub-band could achieved through RRC reconfiguration or MAC CE. 

[bookmark: _Hlk68275741]Proposal 16:
The configurations of partial frequency sounding, such as Pf factor and position within the sub-band, should be configured through RRC configurations. And the activations and/or updates could be done through MAC CE.  

3. Conclusions
In this contrition, we provide our views on SRS flexibility, coverage and capacity enhancements. The observations and proposals are as follows.

Observation 1:
The case of multiple SRS resource sets with overlapping symbols with single DCI or multiple DCIs could be avoided through the scheduling of gNB and the setting with different slot offset in RRC or value t.

Observation 2: 
The t value indications in DCI could indicate more values than that configured for an SRS resource set.

Observation 3:
The motivation of dynamically indicating the frequency location of sounding is still not clear.

Observation 4: 
The Alt 2-2 occupies the same number of symbols as Alt 1, but with additional channel estimation gains over Alt 1.

Observation 5:
The Alt 2 and Alt 1 have different requirements of transmit power of PA.

Observation 6:
Only factors larger than 4 are worth further discussion. And additional limitations are needed for the larger partial frequency sounding factors to prevent the performance loss. 

Observation 7:
The partial frequency sounding is applicable to the frequency hopping. And in the non-frequency hopping configuration, a same effect could be realized through SRS resource configurations.

Proposal 1:
The collision between SRS resource sets in same CC should be avoided based on gNB’s scheduling. No collision rules should be defined for single CC’s case.

Proposal 2: 
Support the combination of Rule 1 and 2 as the dropping rule for multiple CCs’ collision issue. 

Proposal 3:
UE should determine the priority first based on the usage and then the CC numbers.

Proposal 4:
The usage of beam management should have the first priority. The Antenna switching has the second priority. And the CB and NCB SRS should have the 3rd priority.

Proposal 5:
The t value indications in DCI that out of the range of configured t value for the SRS resource set will not take effect or not be allowed. 

Proposal 6:
There is no need to include power control parameters (CAT C) and spatial domain parameters (CAT D) in the DCI without data and without CSI request, considering both functions have already been supported. 

Proposal 7:
Considering the best performance and efficiency, Alt 2-2 with no guard symbols for 15, 30 and 60kHz SCS is the 1st preference. 

Proposal 8:
Depending on the PA capability, Alt 1 is also workable as 2nd preference.

Proposal 9: 
Whether the GP between 2 consecutive SRS resource sets could be zero depends on UE capability. 

Proposal 10:
A rule should be defined for the location of GP when UE does not support the capability of zero gap between the 2 consecutive SRS resource sets. 

Proposal 11:
One rule which considers the SRS resource type could be defined as, 
· When the two SRS resource sets are periodic or semi-persistent, the 2nd GP symbols depends on the last SRS symbols in the 1st slot. The Y or smaller than Y symbols should be reserved as GP. The SRS symbols in the 2nd slot/ SRS sets that overlapped with GP should not be transmitted. 
· When one of the two SRS resource sets is aperiodic and the other is P/SP SRS resource set, the AP SRS resources have higher priority. 
· If the AP SRS resource is in the 1st slot, the GP is counted from the last AP SRS symbol.  The symbols in the P/SP SRS resource set that overlapped with GP should not be transmitted.
· If the AP SRS resource is in the 2nd slot, the GP is the Y symbols in front of the first symbol of the AP SRS resources.
· When both of the SRS resources are aperiodic SRS resource sets, the 1st AP SRS has a higher priority. And the GP should be counted after the last symbol of the  1st SRS resource set.

Proposal 12:
The first Y symbols in the 2nd slot could be reserved as GP as one option.

Proposal 13:
There is no need to further handle it, when the interval between SRS resource sets is larger than Y and not occupied for other UL transmissions.

Proposal 14:
No need to introduce other values other than {2, 4} for RPFS in Rel-17.

Proposal 15:
As the same or similar pattern could be realized through RRC configuration, no need to further support the partial frequency sounding in the non-frequency hopping case. 

Proposal 16:
The configurations of partial frequency sounding, such as Pf factor and position within the sub-band, should be configured through RRC configurations. And the activations and/or updates could be done through MAC CE.  
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