3GPP TSG RAN WG1 #104-e


                                                                                R1-2101037
e-Meeting, January 25th – February 5th, 2021

Agenda item:
8.1.3
Source: 
CMCC

Title: 
Enhancements on SRS flexibility, coverage and capacity
Document for:
Discussion and Decision

1. Introduction 
In the RAN1#103e meeting, several agreements have been achieved for the SRS enhancements, which are listed as follows [1].
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

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 

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

Agreement

For antenna switching up to 8Rx, support SRS resource configurations for {1T6R, 1T8R, 2T6R, 2T8R, [4T6R], 4T8R}.

In this contrition, we provide our views on SRS flexibility, coverage and capacity enhancements.
2. Discussion
2.1 Increase the flexibility
In the last meeting, it was agreed that 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.  The reference slots have two options and need down-selection during this meeting. 
· Opt. 1: Reference slot is the slot with the triggering DCI.
· Opt. 2: Reference slot is the slot indicated by the legacy triggering offset.

Compared with option 1, the option 2 set the reference as the legacy triggering offset, which provide more flexibility of triggering multiple SRS resources with different slot offsets. If the reference is set as the slot of triggering DCI, multiple SRS resources within the given aperiodic SRS resource set could be sent in a single slot. And the congestion could happen in this situation. 
Proposal 1:

The reference slot is the slot indicated by the legacy triggering offset. Namely, the option 2 is preferred.
Current definition of available slots which is captured in the agreements as an example could be considered as the starting point for the discussion. But the flexible symbols configured through RRC should not be counted for the available slots. Since the SFI could update the uplink or downlink direction, the number of the available slots for SRS could be changed according to the SFI. And if the flexible symbols are considered as the available resources for the SRS, it should be further considered the conflicts between SRS and other transmissions. The conflict solution or the priority issue could make the specification more complicated.
Proposal 2:

The flexible symbols based on the RRC configuration should not be counted for the available slots of SRS.
For the slot t, both explicit and implicit indication could be considered. Explicit indication is more straight forward, but at the expense of higher DCI payload. If in the case of DCI 0_1 and 0_2 triggered without data and without CSI, the TDRA indication could be reused for the slot offset indication. For the UL and DL DCI with data, the implicit indication of slot offset without additional payload is more suitable. 
Since there is enough flexibility provided by the RRC and DCI indicated slot offset, it is not necessary to update the trigger offset through MAC CE.
Proposal 3:

There is no need to update the trigger offset through MAC CE, since the DCI and RRC based indication of slot offset is flexible enough.

Currently, the flexibility of SRS is limited. Only one time-domain behavior, e.g. periodic or aperiodic, is allowed for the SRS resource set with the usage of codebook or non-codebook. If the SRS resource set is configured as aperiodic, there is no priori information for the one instance measurement. And if the SRS resource set is configured as periodic, a balance should be achieved between overhead and the channel estimation accuracy. Short period of SRS transmission could achieve higher accuracy, but with the cost of higher overhead and power consumptions. Long period of SRS transmission could induce degradation of channel estimation accuracy. For the SRS with the usage of codebook, the periodic SRS for antenna switching could be reuse for the codebook transmission. And one aperiodic SRS resource set could be configured for the usage of codebook. In this way, the periodic and aperiodic transmission of SRS could be realized. But for SRS configured for the usage of non-codebook, the periodic and aperiodic transmission cannot be realized. 
Proposal 4:
More than one SRS resource sets with different time domain behavior should be supported at least for the non-codebook based UL transmission.
2.2 SRS antenna switching
In RAN1#103 e-meeting, an agreement on the SRS antenna switching was made [2]:

	Agreement

For antenna switching up to 8Rx, support SRS resource configurations for {1T6R, 1T8R, 2T6R, 2T8R, [4T6R], 4T8R}.


Rel-16 specification defines that the SRS resource symbols could occupy the adjacent symbols at any symbol locations within the slot, which extend the location of SRS resource within the slot. But the initial motivation of extending the SRS location is to support the NR-U scenario, in which occupying the channel through sending signals in the early positions is important. Since the motivation for extend the position of SRS is to acquire the transmission priority in the NR-U scenario, it is not exactly aligned with the usage or design targets of SRS. It should be first clarified whether 14 symbols or the last 6 symbols within the slot should be the starting point for the further design of antenna switching. Under this condition, the subsequent discussions are under the limitations that only the last 6 symbols could be used for SRS transmission.
Proposal 5:
It should be first clarified whether 14 symbols or the last 6 symbols within the slot should be the starting point for the further design of antenna switching.
For the new UE capabilities, such as {1T6R, 1T8R, 2T6R, 2T8R, 4T8R}, the similar configurations of SRS for antenna switching in Release 15 could be reused in some case.

· 1T6R

1) For periodic or semi-persistent SRS, 

one SRS resource set could be configured with higher layer parameter resourceType in SRS-ResourceSet set to 'periodic' or 'semi-persistent', with 6 SRS resources transmitted in different symbols. Each SRS resource in a given set consists of one SRS port.
2) For aperiodic SRS, 

a) if the minimum guard period between two SRS resources of an SRS resource set for antenna switching Y = 1 symbol, at least 2 SRS resource set could be configured with higher layer parameter resourceType in SRS-ResourceSet set to 'aperiodic', and a total of 6 SRS resources are transmitted in different symbols of 2 different slots. The SRS port of each SRS resource in the given 2 sets is associated with a different UE antenna port. And the 2 SRS sets are each configured with 3 SRS resources. 
b) if the minimum guard period between two SRS resources of an SRS resource set for antenna switching Y = 2 symbol, for the reason that SRS could only be transmitted in the last 6 symbols in a slot, at least 3 SRS resource sets need be configured as aperiodic SRS for antenna switching, and a total of 6 SRS resources are transmitted in different symbols of 3 different slots. The SRS port of each SRS resource in the given 3 sets is associated with a different UE antenna port. And the 3 SRS sets are each configured with 2 SRS resources.
However, to design a unified SRS configuration for guard period Y= 1 or 2 symbol(s), 2 or 3 SRS resource sets may need be configured as aperiodic SRS for antenna switching. Each SRS resource consists of 1 SRS port.
a) If Y=1 symbol, there might be 3 possible aperiodic SRS configurations for antenna switching:

i. 2 SRS resource sets are configured, where each SRS resource set has 3 SRS resources. 

ii. 3 SRS resource sets are configured, where the numbers of SRS resources in the 3 sets are {1, 2, 3}. 
iii. 3 SRS resource sets are configured, where each SRS resource set has 2 SRS resources. 

b) If Y=2 symbols, there is only 1 aperiodic SRS configuration for antenna switching:

3 SRS resource sets are configured, where each SRS resource set has 2 SRS resources. 

· 2T6R

Similar with the analysis for 1T6R, the SRS configurations for antenna switching are as follow:
1) For periodic or semi-persistent SRS, 

one SRS resource set could be configured with higher layer parameter resourceType in SRS-ResourceSet set to 'periodic' or 'semi-persistent', with 3 SRS resources transmitted in different symbols. Each SRS resource in a given set consists of 2 SRS ports.
2) For aperiodic SRS,

1 or 2 SRS resource set(s) may need be configured as aperiodic SRS for antenna switching. Each SRS resource consists of 2 SRS ports.
a) If Y=1 symbol, there might be 2 possible aperiodic SRS configurations for antenna switching:

i. 1 SRS resource set is configured, where the SRS resource set has 3 SRS resources. 

ii. 2 SRS resource sets are configured, where the numbers of SRS resources in the 2 sets are {1, 2}. 
b) If Y=2 symbols, there is only 1 aperiodic SRS configuration for antenna switching:

2 SRS resource sets are configured, where the numbers of SRS resources in the 2 sets are {1, 2}.

· 1T8R

Similar with the above analysis, the SRS configurations for antenna switching are as follow:

1) For periodic or semi-persistent SRS, 

1 SRS resource set may need be configured as aperiodic SRS for antenna switching, with 8 SRS resources transmitted in different symbols. Each SRS resource consists of one SRS port.
2) For aperiodic SRS,

3 or 4 SRS resource sets may need be configured as aperiodic SRS for antenna switching. Each SRS resource consists of 1 SRS port.
a) If Y=1 symbol, there might be 4 possible aperiodic SRS configurations for antenna switching:
i. 3 SRS resource sets are configured, where the numbers of SRS resources in the 3 sets are {2, 3, 3}. 
ii. 4 SRS resource sets are configured, where the numbers of SRS resources in the 4 sets are {1, 1, 3, 3}. 

iii. 4 SRS resource sets are configured, where the numbers of SRS resources in the 4 sets are {1, 2, 2, 3}. 

iv. 4 SRS resource sets are configured, where the numbers of SRS resources in the 4 sets are {2, 2, 2, 2}. 

b) If Y=2 symbols, there is only 1 aperiodic SRS configuration for antenna switching:

4 SRS resource sets are configured, where the numbers of SRS resources in the 4 sets are {2, 2, 2, 2}.
· 2T8R

1) For periodic or semi-persistent SRS, 

1 SRS resource set may need be configured as aperiodic SRS for antenna switching, with 4 SRS resources transmitted in different symbols. Each SRS resource consists of 2 SRS ports.
2) For aperiodic SRS,

2 SRS resource sets may need be configured as aperiodic SRS for antenna switching. Each SRS resource consists of 2 SRS ports.
a) If Y=1 symbol, there might be 2 possible aperiodic SRS configurations for antenna switching:

i. 2 SRS resource sets are configured, where the numbers of SRS resources in the 2 sets are {1, 3}. 
ii. 2 SRS resource sets are configured, where each SRS resource set has 2 SRS resources. 
b) If Y=2 symbols, there be only 1 aperiodic SRS configuration for antenna switching:

2 SRS resource sets are configured, where each SRS resource set has 2 SRS resources.

· 4T8R

1 SRS resource set could be configured for antenna switching, where 2 SRS resources are transmitted in different symbols. Each SRS resource consists of 4 SRS ports.
· 4T6R
However, for the newly proposed 4T6R transceiver architecture, the configurations of SRS for antenna switching in Release 15 cannot be reused. So, we will discuss how SRS resource allocation can be done for DL CSI acquisition with 4T6R transceiver architecture.

SRS antenna switching for 4T6R transceiver architecture can be achieved within a single slot. For example, up to two SRS resource sets are configured with a different value for the higher layer parameter resourceType in SRS-ResourceSet set, where each SRS resource set has two SRS resources transmitted in different symbols, one SRS resource in a given set consisting of four SRS ports, and the other SRS resource consisting of two SRS ports. The SRS ports of the second resource are associated with a different UE antenna ports than the SRS port pair of the first resource. As shown in Fig. 1, the SRS resource 0 consisting of 4 ports is associated with a different UE antenna port pair than the SRS port pair of the resource 1 consisting of 2 ports. Then, the 6 SRS ports are mapped to 6 antennas for DL CSI acquisition.
Furthermore, the current specification restricts that the transmit power of each SRS resource in a SRS resource set is same, and the transmit power for each SRS resource is split equally across the configured antenna ports for SRS. While for antenna switching, to make sure that the power of each SRS port is equal for DL CSI acquisition, the power of SRS resource consisting of 4 ports should be twice that of SRS resource consisting of 2 ports.
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Fig. 1 
Figure 1 SRS antenna switching for 4T6R UE

Based on the above discussion, we make the following proposal for SRS resource allocation for DL CSI acquisition with the new UE capabilities.
Proposal 6:

The 4T6R for the SRS antenna switching should be supported considering the completeness of the specification.

Proposal 7:
Support the following combinations of SRS resource set(s) and SRS resource(s) per set for SRS switching for {1T6R, 1T8R, 2T6R, 2T8R, 4T6R, 4T8R}
	
	resourceType
	guard period Y[symbol]
	# of SRS resource sets
	# of SRS resources per set
	# of SRS ports per resource

	1T6R
	Periodic/Semi-persistent
	
	1
	6
	1



	
	Aperiodic
	1
	2
	{3, 3}
	

	
	
	
	3
	{1, 2, 3}
	

	
	
	
	3
	{2, 2, 2}
	

	
	
	2
	3
	{2, 2, 2}
	

	2T6R
	Periodic/Semi-persistent
	
	1
	3
	2

	
	Aperiodic
	1
	1
	3
	

	
	
	
	2
	{1, 2}
	

	
	
	2
	2
	{1, 2}
	

	4T6R
	Periodic/Semi-persistent/ Aperiodic
	
	1
	2
	{2, 4}

	1T8R
	Periodic/Semi-persistent
	
	1
	8
	1

	
	Aperiodic
	1
	3
	{2, 3, 3}
	

	
	
	
	4
	{1, 1, 3, 3}
	

	
	
	
	4
	{1, 2, 2, 3}
	

	
	
	
	4
	{2, 2, 2, 2}
	

	
	
	2
	4
	{2, 2, 2, 2}
	

	2T8R
	Periodic/Semi-persistent
	
	1
	4
	2

	
	Aperiodic
	1
	2
	{1, 3}
	

	
	
	
	2
	{2, 2}
	

	
	
	2
	2
	{2, 2}
	

	4T8R
	Periodic/Semi-persistent/ Aperiodic
	
	1
	2
	4


2.3 The enhancements of capacity and coverage
In the last meeting, Class 2 (repetition) and Class 3 (partial frequency sounding) was down-selected for further study. For each candidate schemes under Class 2 and 3, multiple schemes cover different aspects. 
Class 2 (repetitions)

For the Class 2, scheme 2-0 is the baseline enhancements. And scheme 2-1 is an updated version which further considered SRS transmission over multiple slots. And scheme 2-2 and 2-3 considering other enhancements such as TD-OCC and CS hopping. For the basic scheme 2-0, it should be identified how many repetition symbols should be increased. And for the prerequisite of the increase the SRS repetition symbols is to extend the symbols of SRS within the slot. 
Proposal 8:
The repetition of SRS could be enhanced to improve the coverage and channel estimation accuracy. But it should be discussed and justified how many SRS repetition symbols should be increased.

The SRS transmission in consecutive repetition symbols could bring the best performance from both perspectives of power enhancement and channel estimation. Consecutive symbol transmission shortens the transmission spanning, during which the channel could be kept in strong coherence. So at least the scheme 2-0 within Class 2 should be enhanced to improve the system performance. 
The scheme 2-1 introduce the inter-slot transmissions based on scheme 2-0, including both consecutive and non-consecutive symbols across the slots. It should be clarified firstly whether there is use cases for SRS repetition transmission across slots, or if the symbols within one slot are not enough for SRS repetition transmissions. Consecutive and non-consecutive symbols transmission across slots could bring additional requirements for the SRS candidate positions. And collisions with other channels should be identified and solved for the cross-slot SRS transmission. 
Proposal 9:

The use case of scheme 2-1 should be clarified considering that the overhead and the specification impact are not balanced with the benefit. 

The repetition with TD-OCC (scheme 2-2) could improve both the coverage and the capacity. But the partial frequency sounding could have a similar benefit and with additional flexibilities. More comparisons are needed between scheme 2-2 and partial frequency soundings. The scheme 3-1 and 3-2, which provide RB-level and subcarrier level partial sounding, could also improve the SRS capacity. And the partial frequency sounding could improve the channel estimation accuracy for particular subband, if the partial frequency sounding could be triggered aperiodic.
Proposal 10:

More comparisons are needed between scheme 2-2 and partial frequency soundings. 
Scheme 2-3, the repetition with CS hopping could reduce the interference between cells, which could be further study and discussed.
Class 3 (partial frequency sounding)
Sounding in a limited bandwidth could reduce the sounding period and improve the efficiency. Since the cycle of sounding is shortened, the accuracy of channel estimation could be improved for the particular bandwidth. Additionally, partial frequency sounding could improve the channel estimation accuracy as a supplement to the full band channel sounding with longer period. 
For the candidate schemes in Class 3, scheme 3-1 to 3-3 could be considered as the basic solutions. And the scheme 3-4 and 3-5 could be considered as further enhancements based on scheme 3-0 to 3-3. From our understanding, the subband partial frequency sounding provide enough flexibility to estimate the channel in a portion of the frequency band. And within the subband, we could further discuss the scheme 3-1 and 3-2, which is RB-level and sub-carrier level partial frequency sounding. Introducing new comb level of SRS could be included in the scheme 3-2. Both scheme 3-1 and 3-2 could reduce the bandwidth and increase the transmit power density and further improve the coverage. And since only a limited PRB are used and a larger comb number is introduced, the capacity could be improved. 
From the performance aspect, the comb level partial frequency sounding have a more even RE distribution in frequency domain, which could bring a better performance than the RB level partial frequency sounding. But the larger comb level or larger frequency span between the REs could increase the PAPR level. Compared with comb level partial frequency sounding, the RB level partial frequency sounding have more flexibility in the sounding pattern in frequency domain. But additional configurations are needed to indicate the RB pattern within the PRB, which increase the complexity of the specification. For both scheme 3-1 and 3-2, the new comb number and PRB scaling level should be studied. 
Proposal 11:

Scheme 3-3, the subband level partial frequency sounding should be prioritized for the study. 

Proposal 12:

And under the scheme 3-3, comb level and RB level partial frequency sounding within a particular sub band should be considered and compared. 
Proposal 13:

Under the scheme 3-1 and 3-2, new comb level and RB scaling factor should be studied considered the trade-off between performance and capacity, and PAPR issues.

Scheme 3-4 provide an assisted sounding with CSI-RS, which could facilitate the identification of the sub band for partial frequency sounding and improve the accuracy of the channel estimation.

Proposal 14:

Scheme 3-4 could be studied as an enhancements of sub-band level partial frequency sounding (scheme 3-3).
Scheme 3-5 is the indication of dynamic change of the RB level subband size scaling. The RB level and subcarrier level/ comb level scaling should be studied and identified considering the balance of channel estimation and power enhancement. The scaling factor could be configured in a semi-static manner. There is no need for dynamic change or indication of the scaling factor.

Proposal 15:

There is no need for dynamic change or indication of the RB level scaling factor. The scheme 3-5 could be deprioritized.

3. Conclusions

In this contrition, we provide our views on SRS flexibility, coverage and capacity enhancements. The proposals are as follows.
Proposal 1:

The reference slot is the slot indicated by the legacy triggering offset. Namely, the option 2 is preferred.
Proposal 2:

The flexible symbols based on the RRC configuration should not be counted for the available slots of SRS.
Proposal 3:

There is no need to update the trigger offset through MAC CE, since the DCI and RRC based indication of slot offset is flexible enough.

Proposal 4:
More than one SRS resource sets with different time domain behavior should be supported at least for the non-codebook based UL transmission.
Proposal 5:
It should be first clarified whether 14 symbols or the last 6 symbols within the slot should be the starting point for the further design of antenna switching.

Proposal 6:

The 4T6R for the SRS antenna switching should be supported considering the completeness of the specification.

Proposal 7:
Support the following combinations of SRS resource set(s) and SRS resource(s) per set for SRS switching for {1T6R, 2T6R, 4T6R, 1T8R, 2T8R, 4T8R}.

Proposal 8:
The repetition of SRS could be enhanced to improve the coverage and channel estimation accuracy. But it should be discussed and justified how many SRS repetition symbols should be increased.

Proposal 9:

The use case of scheme 2-1 should be clarified considering that the overhead and the specification impact are not balanced with the benefit. 

Proposal 10:

More comparisons are needed between scheme 2-2 and partial frequency soundings. 

Proposal 11:

Scheme 3-3, the subband level partial frequency sounding should be prioritized for the study. 

Proposal 12:

And under the scheme 3-3, comb level and RB level partial frequency sounding within a particular sub band should be considered and compared. 

Proposal 13:

Under the scheme 3-1 and 3-2, new comb level and RB scaling factor should be studied considered the trade-off between performance and capacity, and PAPR issues.

Proposal 14:

Scheme 3-4 could be studied as an enhancements of sub-band level partial frequency sounding (scheme 3-3).
Proposal 15:

There is no need for dynamic change or indication of the RB level scaling factor. The scheme 3-5 could be deprioritized.
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