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1 Introduction

In RAN#78 meeting, NSA specifications of NR were declared as complete and frozen. It has been agreed that RAN1 shall continue to focus on stabilizing basic and essential functionality for the scope of the December drop in this RAN1 AH1801 and RAN1#92 meeting.  There are some remaining details on SRS which need to be refined or updated in the specification. We provide our TPs on SRS related issues in this contribution.
2 SRS related issues
2.1 The transmission comb of SRS port
In LTE, the orthogonality among SRS ports of one UE can be achieved by different cyclic shifts and/or different transmission comb offsets, this feature should also be supported by NR. However, different transmission comb offsets cannot be applied to different SRS ports in the same SRS resource in current NR specification. In other words, 4 ports of one SRS resource can only use the same comb offset. As a result, the orthogonality among those 4 ports can be only achieved by different cyclic shifts even the traffic loaded is low. This restriction will lead to worse SRS performance than LTE. We evaluate the MSE performance for SRS estimation, where these 4 SRS ports are multiplexed by different cyclic shifts (CDM) or by different transmission comb offsets (FDM). From the simulation results as shown in Fig.1, it can be observed that the performance loss is large when SNR is high. 
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Fig.1 MSE performance comparison for SRS estimation
Proposal 1: NR should support the case that different ports of one SRS resource have different comb offsets, especially for 4 port SRS resource.
Specifically, we propose one 4 port SRS resource can be configured with one or two comb offsets when KTC = 2 or 4. The corresponding text proposal is following.

TP1：The text in {38.211：6.4.1.4.3
Mapping to physical resources }

	The frequency-domain starting position 
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The frequency domain shift value 
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 adjusts the SRS allocation to align with the common resource block grid in multiples of four and is contained in the higher layer parameter SRS-FreqDomainPosition. The transmission comb offset 
 is contained in the higher layer parameter SRS-TransmissionComb and 
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 is a frequency position index.


2.2 Full hopping bandwidth for SRS
When UE SRS frequency hopping is described in section 6.2.1.1 in TS 38.214, a UE may be configured with intra-slot frequency hopping within a bandwidth part, where the full hopping bandwidth is sounded with an equal-size subband. In order to support such hopping with SRS full hopping bandwidth, clarification for full hopping bandwidth is needed in TS 38.211 accordingly for aperiodic SRS transmission. 

TP2：The text in {38.211：6.4.1.4.3
Mapping to physical resources }
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 counts the number of SRS transmissions. For the case of an SRS resource configured as aperiodic by the higher layer parameter SRS-ResourceConfigType, it is given by 
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 symbol SRS resource is transmitted. The configured parameters should satisfy
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 is the repetition factor and is contained in the higher layer parameter SRS-ResourceMapping.         


2.3 UE antenna switching for aperiodic SRS
For sounding different antenna ports, RAN4 has agreed that antenna switching time is 15 us. It means that the guard period of two SRS transmission for antenna switching should occupy at least one OFDM symbol. Considering that at most 6 symbols can be configured to UE in one slot, 1T4R antenna switching for aperiodic SRS cannot be achieved within one slot because of insufficient resources for guard period. To support 1T4R antenna switching for aperiodic SRS, we can specify that UE is expected to be configured with the resources in a resource set in the order of time domain, and if the symbol index of a configured resource is the same or smaller the symbol index of previous configured resource, UE should assume that the configured resource is in the next UL symbol with the configured symbol index in the next slot which contain UL symbol.  The illustration of this process is shown in Fig.2. 
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Fig.2: Illustration of 1T4R antenna switching for aperiodic SRS
TP3：The text in {38.214：6.2.1.2
UE antenna switching }
	When UE antenna switching is enabled by the higher layer parameter SRS-SetUse set as ‘antenna switching’ for a UE that supports transmit antenna switching, a UE may be configured with one of the following configurations depending on the UE capability:

-
SRS resource set with two SRS resources transmitted in different symbols, each SRS resource consisting of a single SRS port being associated with different UE antenna ports, or

-
SRS resource set with two SRS resources transmitted in different symbols, each SRS resource consisting of two SRS ports where the port pair of the second resource is associated with a different UE antenna pair than the port pair of the first resource, or

-
SRS resource set with four SRS resources transmitted in different symbols, each SRS resource consisting of a single SRS port being associated with different UE antenna ports,

and a guard period where UE does not transmit any other signal of Y symbols in-between the SRS resources is used in case the SRS resources are transmitted in the same slot.

The value of Y is defined by Table 6.2.1.2-1.

Table 6.2.1.2-1: The minimum guard period between two SRS resources of an SRS resource set for antenna switching
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When SRS resource type is configured as aperiodic, UE is expected to be configured with the resources in a resource set in the order of time domain, and if the symbol index of a configured resource is the same or smaller than the symbol index of previous configured resource in the resource set, UE should assume that the configured resource is in the next slot which contains the configured UL symbol.


	


2.4 CC/BWP/SUL configuration 

Currently, CC or BWP information are missing for SRS configuration.  We propose to introduce CC index and BWP index per SRS resource set which is similar to CSI-RS configuration.  In addition, whether SRS transmission is on SUL or non-SUL carrier can also be configured per SRS resource set.  Since SRS is activated per set for SP-SRS and triggered per set for AP-SRS, a set ID can be used to select the resource set for transmission on the frequency location according to the configured CC/BWP/SUL information for the selected set.  
Proposal 2:   CC/BWP/SUL configuration is supported per SRS resource set.

2.5 Monitoring periodicity for SRS switching

In RAN1 AH 1801 meeting, the additional periodicity 4, 8, 16 slots were introduced for SRS transmission and for monitoring periodicity of a search space configuration. 

Agreement:

· Introduce additional periodicities of {4,8,16,32,64} slots and the corresponding slot offsets to at least the following periodic/semi-persistent RS:

· CSI-RS (includes ZP-CSI-RS and NZP-CSI-RS)

· SRS

Agreements:

· For a search space configuration, monitoring periodicity of slot(s) is updated as follows:

· For all SCS, {1, 2, 4, 5, 8, 10, 16, 20} slots

· For INT-RNTI, a subset of {1,2,4} slots is applied

· FFS: the case when concatenated semi-static DL/UL assignments is configured

Current 38.331

-- Monitoring periodicity of SRS PDCCH in number of slots. 


-- Corresponds to L1 parameter 'SRS-monitoring-periodicity' (see 38.212, 38.213, section 7.3.1, 11.3)

monitoringPeriodicity


ENUMERATED {n1, n2, n5, n10, n20, spare3, spare2, spare1}

Therefore, it is straightforward to also capture 4,8,16 slots for the monitoring periodicity for PDCCH with DCI format 2_3 by higher layer parameter SRS-monitoring-periodicity. 

Based on previous discussion and description in the current 38.331, values {1,2,5,10,20} have been captured in the candidate values of SRS-monitoring-periodicity, and other three candidates are still FFS. So the values 4, 8, 16 should be included for SRS-monitoring-periodicity in current 38.331.

Proposal 3: Periodicity 4,8,16 slots for SRS-monitoring-periodicity should be captured in 38.331. 

2.6 SRS mapping on non-UL symbols

Different from LTE, one SRS resource can be mapped on 
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 consecutive symbols in NR and one port SRS can be repeated on these symbols. Therefore, SRS transmission on partial symbols of one SRS resource can still work when some symbols of the SRS resources are overlapping with other higher priority channels, or non-UL symbols. For the collision between SRS and PUCCH, it has been agreed that SRS is dropped only on the overlapping part instead of the whole SRS resource. Similarly, the same principle should be followed when some symbols of one SRS resource is non-UL. 

Proposal 4: In the case when some SRS symbols are non-UL symbols, only SRS symbols on the non-UL symbols of the SRS resource are dropped.

TP4：The text in {38.211：6.4.1.4.4 UE antenna switching }
	...
SRS may be transmitted on partial or all OFDM symbols of the configured SRS resource only if these OFDM symbols of the candidate slot corresponding to the configured SRS resource are classified as 'uplink.'



3 Conclusion

In this contribution, we provide some TPs on SRS related issue to the current NR specifications and we have the following proposal:

Proposal 1: NR should support the case that different ports of one SRS resource have different combs, especially for 4 port SRS resource.

Proposal 2: CC/BWP/SUL configuration is supported per SRS resource set.

Proposal 3: Periodicity 4,8,16 slots for SRS-monitoring-periodicity should be captured in 38.331. 

Proposal 4: In the case when some SRS symbols are non-UL symbols, only SRS symbols on the non-UL symbols of the SRS resource are dropped.
4 References 

[1] R1-1801291  Draft CR to TS 38.211 after RAN1 AH1801

[2] R1-1801294  Draft CR to TS 38.214 after RAN1 AH1801

Appendix
Table 1:  Link level simulation assumptions

	Parameter

	Assumption

	Channel model
	TDL-C 

	UE speeds
	3km/h

	Sounding bandwidth
	8RB

	Antenna configuration
	4x4

	SRS estimation
	LMMSE-IRC with exponential PDP
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