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1 Introduction
In previous meeting [1], the following agreements were achieved.
Agreement
· gNB should configure at least 1 SRS resource when ULTXconfig is codebook based UL transmission. No restriction on gNB’s configuration of SRS for UL scheduling by DCI format 0_0.

· If and when the SRS is triggered is up to gNB implementation

Agreement:
· Clarify 38.212 to show that ‘precoding information and number of layers’ field size is 0 bits for DCI format 0_1 if UE is configured to transmit on only one antenna port with codebook based operation

Furthermore, the guard period issue and SRS indication issue were discussed in codebook and non-codebook part respectively. With current spec design, both codebook and non-codebook design can support antenna selection. In this contribution, we will discuss the remaining issues for antenna selection.
2 Antenna selection for PUSCH

In LTE, 1T2R antenna selection for PUSCH was supported, for the UEs with one RF chain connected to two antenna elements. In NR, antenna selection can be applied to the UEs which are equipped with less transmit antennas than receive antennas, e.g. 1T4R, 2T4R, etc. Diversity gain can be utilized to enhance both coverage and throughput. Figure 1 shows the SLS simulation result of 2T4R antenna selection performance. The UE is equipped with two pairs of 0º/90 º polarized antennas, and each pair was placed at the upper and bottom side of the UE. The performance of 6, 4 and 2 antenna pair candidates are compared respectively with the fixed transmit antennas as the baseline. Observed from the figure, antenna selection technique can provide over 10% performance gain, with obvious cell centre (~10%) and cell edge (~20%) gain. With more antenna pair candidates available, more performance gain can be observed.
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Figure 1. The performance of 2T4R antenna selection of PUSCH
Observation 1: Antenna selection for PUSCH can provide obvious performance gain for both cell edge and centre UEs.
3 Remaining issues of antenna selection design

3.1 Guard period of SRS transmission 
It was clarified online that antenna selection is almost implemented by the UE with the aid of gNB’s scheduling information. The remaining problem is how to configure the guard period between SRS resources, prior to scheduling and data transmission. Take codebook transmission as an example. If 2 SRS resources are used for antenna selection, the guard period is similar to the case of SRS switching. In other case, e.g. virtualized SRS, no guard period need to be reserved. Thus the gNB need to somehow identify the information.
It can be inferred from the UE capability report. For example, the UE can report its capability of simultaneous transmitted SRS as 1, then if the gNB configures 2 SRS resources, anyway a guard period should be assumed. In contrast, if the capability of simultaneous transmitted SRS is 2, then the gNB can configure 2 SRS resources on 2 consecutive symbols.
Thus current UE feature list should be updated to support the above argument. In current list, the capability is reported regardless of any SRS usage, which can be ambiguous at the gNB side. The below figure shows a typical example. A UE structure with two 2T panels is shown. For codebook transmission, when the UE intends to conduct antenna selection, then only 1 SRS resource can be transmitted from one panel, and the UE connect different SRS resources to different antennas. Then reported simultaneous SRS capability is only 1. For non-codebook, from one panel, the UE should support simultaneous SRS as 2, so that rank 2 transmission of PUSCH can be supported. Four SRS resources can be configured and divided in to two panels. Each panel can support maximum rank 2 transmission of PUSCH with panel selection. Thus, even given the same UE antenna structure, depending on the real use case of SRS resources, the reported simultaneous SRS value can be very different.
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Figure 2. Illustration of UE capability in case of codebook and non-codebook transmission
Observation 2: The reported capability of the number of simultaneous SRS transmission can be different, from the perspective of different SRS usage at the UE side, under the same antenna structure assumption.
Then, one way is split the parameter clearly aiming at codebook, non-codebook usages. Moreover, for each case, supported candidate value should be re-examined.
· For codebook transmission, at least value 1 is mandatory according the agreement in last meeting, and the value 2 is optional.
· For non-codebook transmission, if non-codebook transmission is supported by the UE, the reported value of Simultaneous SRS Tx shall not be less than the value in feature 2-15. Otherwise, there’s contradiction, and the maximum supported layer for non-codebook transmission is not clear.
Proposal 1: The parameter Simultaneous SRS Tx of 2-54 in UE feature list shall be split at least for codebook, non-codebook cases.
3.1.1 Text proposal for UE feature list [2]
------------------------------------------ Start of Text Proposal ----------------------------------------------
	2-15
	non-codebook based PUSCH transmission
	1. Maximal number of supported layers (non-codebook transmission scheme): 

	---------------------------------------- Unchanged parts omitted --------------------------------------------

	2-54
	SRS transmission
	1. Minimum time interval, N in unit of symbols, between DCI triggering and A-SRS transmission, 



	
	Simultaneous SRS Tx
	1. Maximum number of simultaneous transmitted SRS resources in the resource set configured for “Codebook” usage per CC at one symbol,
2. Maximum number of simultaneous transmitted SRS resources in the resource set configured for “Non-codebook” usage per CC at one symbol



------------------------------------------ End of Text Proposal ----------------------------------------------

With this parameter report, whenever the gNB configures more SRS resources than Simultaneous SRS Tx in codebook or non-codebook set, a guard period shall be reserved, which is at least the GP for SRS switching.
3.2 SRI indication in non-codebook transmission 

As mentioned before, if the number of SRS resources is larger than the number of simultaneously transmitted SRS resources, the UE is not expected to be indicated with the SRIs which must be transmitted in different symbols. Figure 3 shows an example. If the UE only supports two SRS resources to be transmitted simultaneously, and the gNB configures 3, 4 resources. Only 2 SRS resources can be configured without GP, e.g. on the same OFDM symbol, or on the consecutive two symbols. At least one GP should be inserted to separate the SRS resources in to groups which are associated with different antenna pairs. In this way, only SRS from the same antenna pair can be indicated to the UE.
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Figure 3. Examples of SRS configuration for non-codebook transmission

Take case (a) as an example. SRS 0 and 1 are transmitted from one antenna pair, and SRS 2 and 3 are from another antenna pair. The gNB cannot ensure SRS resources from different antenna pairs to be transmitted simultaneously. Referred to the DCI table in 38.212 as below, certain rows (marked as yellow) of SRI indication may be invalid so that there’s no ambiguity. 
Table 1: SRI indication for non-codebook based PUSCH transmission, 
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Proposal 2: If the number of SRS resources configured for non-codebook transmission is greater than the number of simultaneous SRS transmission for non-codebook reported in UE capability, the UE shall not be expected that indicated SRI field in DCI format 0_1 is associated with any two SRS resources having a time gap more than or equal to the minimum guard period defined in Table 6.2.1.2-1 in 38.214.
3.2.1 Text proposal for 38.214 v15.0.1 [4]
------------------------------------------ Start of Text Proposal ----------------------------------------------

---------------------------------------- Unchanged parts omitted --------------------------------------------
6.1.1.2
Non-Codebook based UL transmission

For non-codebook based transmission, the UE can determine its PUSCH precoder and transmission rank based on the wideband SRI field from the DCI. The UE shall use one or multiple SRS resources for SRS transmission, where the number of SRS resources which can be configured to the UE for simultaneously transmission in the same RBs is being part of UE capability signalling Only one SRS port for each SRS resource is configured. Only one SRS resource set can be configured with higher layer parameter srsSetUse set to ‘nonCodebook’. The maximum number of SRS resources that can be configured for non-codebook based uplink transmission is 4. The indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS resource is prior to the PDCCH carrying the SRI before slot n.
For non-codebook based transmission, the UE can measure NZP CSI-RS resource to calculate the precoder used for the transmission of precoded SRS. A UE can be configured with only one NZP CSI-RS resource for the SRS resource set.
-
If aperiodic SRS resource is configured, the [CSI-RS information in the same slot TBD] for UL channel measurement is indicated via DCI, where the association among aperiodic SRS triggering state, triggered SRS resource(s) SRS-ResourceConfigId, CSI-RS resource ID NZP-CSI-RS-ResourceConfigID are higher layer configured by AperiodicSRS-ResourceTrigger. A UE may receive the dynamic SRS transmission request for aperiodic SRS transmission in the same slot as the reception of the DL CSI-RS resource. A UE is not expected to update the SRS precoding information if the gap from the last symbol of the reception of the AP-CSI-RS resource and the first symbol of the AP-SRS transmission is less than 42 OFDM symbols. A UE may receive the SRI which shall be associated with the most recent SRS transmission. 
-
If periodic or semi-persistent SRS resource set is configured, the NZP-CSI-RS-ResourceConfigID for measurement is indicated via higher layer parameter SRS-AssocCSIRS per set.
The UE shall perform one-to-one mapping from the indicated SRI(s) to the indicated DM-RS ports(s) in the DCI format 0_1 increasing order.

For non-codebook based transmission, the UE does not expect to be configured with both SRS-SpatialRelationInfo for SRS resource and SRS-AssocCSIRS for SRS resource set.

For non-codebook based UL transmission, a UE can be scheduled with DCI format 0_1 when at least one SRS resource is configured. If the number of SRS resources configured is greater than the number of simultaneous SRS transmission for non-codebook reported in UE capability, the UE shall not be expected that indicated SRI field is associated with any two SRS resources having a time gap more than or equal to the minimum guard period defined in Table 6.2.1.2-1. 
---------------------------------------- Unchanged parts omitted --------------------------------------------
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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	Y [symbol]

	0
	15
	1

	1
	30
	1

	2
	60
	1

	3
	120
	2


------------------------------------------ End of Text Proposal ----------------------------------------------

4 Conclusions

In this contribution, we discussed the transmit antenna selection scheme, and have the following conclusion:

Observation 1: Antenna selection for PUSCH can provide obvious performance gain for both cell edge and centre UEs.
Observation 2: The reported capability of the number of simultaneous SRS transmission can be different, from the perspective of different SRS usage at the UE side, under the same antenna structure assumption.
Proposal 1: The parameter Simultaneous SRS Tx of 2-54 in UE feature list shall be split at least for codebook, non-codebook cases.

Proposal 2: If the number of SRS resources configured for non-codebook transmission is greater than the number of simultaneous SRS transmission for non-codebook reported in UE capability, the UE shall not be expected that indicated SRI field in DCI format 0_1 is associated with any two SRS resources having a time gap more than or equal to the minimum guard period defined in Table 6.2.1.2-1 in 38.214.
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Appendix

Table 2: Simulation assumption
	Attributes
	Value

	Carrier frequency
	2 GHz

	ISD
	500 m

	UE distribution
	80% indoor 
Full buffer: uniform 10 UE/sector

	Traffic Model
	full buffer

	Transmission scheme
	SU-MIMO with antenna selection 

	Scheduler
	PF

	Layout
	Hexagonal grid, 19 sites, 3 sector/site

	System bandwidth
	10MHz (50RBs)

	Channel model
	36.873 3D UMa 

	UE antenna configurations
	4T X-pol (0/+90)

	CSI
	SRS period of 5ms 

	MIMO scheme
	NR UL codebook
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