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1 Introduction
In previous meeting, both antenna selection based and precoded SRS based PUSCH transmission are supported by UE implementation, which was online clarified. In this contribution, we discuss antenna selection related remaining issues.
2 Antenna selection for PUSCH
It’s typical that the UE is equipped with less transmit antennas than receive antennas, due to implementation limits like form factor, cost, etc. For example, in LTE, the UE could support 1T2R transmission, with one RF chain connected to two antenna elements for uplink. To make use of the diversity gain, antenna selection (with open-loop or close-loop operation) was supported in LTE. The eNB can control whether antenna selection is conducted, and whether close-loop or open-loop is used for the UE.  For close-loop antenna selection, one transmit antenna out of two is scheduled, by 1 bit indication in CRC mask of LTE DCI format 0.
In NR, antenna selection can be applied to similar UEs. There could be various antenna structures, e.g. 1T4R, 2T4R, etc. More than one antennas can be connected to the same RF chain, and switch circuit(s) are implemented to change the output antenna for diversity gain. Figure 1 shows the simulation results of the performance under different antenna pairs of 2T4R UE. Maximum 6 antenna pairs are assumed, and each blue line represents one antenna pair, e.g., the index pair (0,1) represents the BLER performance of fixed antenna pair (0,1).
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（a） NLOS (MCS=0、Rank 1)                     （b）NLOS (MCS=5、Rank 1)
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（c） NLOS (MCS=15、Rank 1)                （d） NLOS (MCS=15、Rank 2)
Figure 1 Simulation results of performance under different antenna pairs
It’s shown that the performance would vary greatly among different antenna pairs, which at most causes ~3.5dB performance loss. Thus, fixed antenna pair is not suitable, as it could be the worst case due to certain UE placement. Moreover, open-loop antenna selection may could result in inconsistent understanding of transmit antenna(s) between the gNB and the UE.
Observation 1: Inconsistent understanding of transmit antenna(s) results in performance degradation, so that open-loop antenna selection by the UE can be problematic.
Hence, close-loop PUSCH antenna selection should be supported in NR, based on current UL transmission design.
3 Details of antenna selection design
3.1 Antenna selection with codebook transmission 

The UE needs to acquire knowledge of antenna port, precoder, rank, and MCS of the scheduled PUSCH. Codebook and non-codebook transmission schemes provide two methods to obtain the precoder, identified by higher layer parameter ulTxConfig. The UE could be configured with multiple SRS resource set(s), with higher layer parameter SRS-SetUse configured to one of {AntennaSwitching, BeamManagement, Codebook, NonCodebook}. Only SRIs in the SRS sets for CB and NCB are allowed to indicate the transmission of PUSCH. The SRS resource set for codebook consists of one or two SRS resources. When two SRS resources are configured, they can be used for antenna selection or virtualized SRS port selection, which have been clarified online in last meeting.
However, different SRI usage in codebook requires different guard period reserved, not only for SRS-SRS transmission, but also for PUSCH-SRS or SRS-PUSCH transmission. The ambiguity of UE behaviour results in difficulty of gNB configuration, and possible misunderstanding between gNB and UE causes a waste of valuable resources.
Take Table 1 as an example. The antenna switching for SRS is designed with fixed GP as listed. This GP is reserved so that the UE has enough time to switch antennas for transmission of one SRS resource to another SRS resource. For SRS antenna switching feature, there’s no restriction of PUSCH transmission antenna. Then it’s assumed that there’s no need of GP for PUSCH-SRS or SRS-PUSCH interval.
Table 1 Guard period between two SRS resources for SRS resource set for antenna switching [1]
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Similarly, such GP is possibly needed for SRS transmission for codebook. The above example only shows typical GP for antenna switching, while for virtualized SRS port selection, the GP may be possibly small enough beyond CP. Thus, it’s not proper for the gNB to blindly configure the GP in codebook SRS set, if the gNB lost prior information of the SRI indication purpose.  
One solution is that the UE reports its capability to assist the gNB’s configuration. The UE can report required guard period for SRS transmission of codebook SRS set. Then the gNB follows the reported guard period, if two SRS resources is configured. In this way, the mapping of the two SRS resources is UE implementation issue and the resources can be made the best use as well.
Proposal 1: The UE shall report its required guard period between the transmission of SRS resources in the SRS resource set for codebook transmission.
[image: image7.png]SRI 0 indicated
PUSCH Q

SRIindicated J

PUSCH





Figure 2 Illustration of guard period for PUSCH-SRS transmission
Moreover, the GP should be reseved not only for SRS-SRS transmission, but also PUSCH-SRS or SRS-PUSCH transmission. As shown in Figure 2, the SRS transmission could occur following PUSCH. In the above example, the front PUSCH is indicated by SRI0. Normally the PUSCH is transmitted over the SRS ports of SRI0, and there’s no change of transmit antenna between PUSCH and the following SRS. Consequently the SRS can be scheduled starting from the symbol just after the end of PUSCH. However, in the below example, the PUSCH is indiated by SRI1, but the following transmitted SRS is SRI0. Then the UE need a guard period to switch the antennas from PUSCH transmission to SRS transmission. It’s more serious when addition-DMRS is present in the last one or two symbols of PUSCH.  In current spec, the scheduleing restriction is that “A UE is not expected to be configured with SRS and PUSCH/UL DMRS/UL PTRS/PUCCH formats 1, 3 or 4 in the same symbol.”[1]. Thus, the UE is either not expected to be configured with SRS and PUSCH in the symbols with time gap less than the UE reported GP.
Proposal 2: The UE is not expected to be configured with PUSCH transmission on the symbols where the guard period is reserved prior to the transmission of SRS in the SRS set for codebook, if the indicated SRI of PUSCH transmission is different from the following SRS in the SRS set for codebook. 
3.1.1  Text proposal 

---------------------------------- Start of Text Proposal ---------------------------------

6.1.1.1
Codebook based UL transmission

For codebook based transmission, the UE determines its PUSCH transmission precoder based on SRI, TRI and TPMI fields from the DCI, where the TPMI is used to indicate the preferred precoder over the SRS ports in the selected SRS resource by the SRI when multiple SRS resources are configured, or if a single SRS resource is configured TPMI is used to indicate the preferred precoder over the SRS ports. The transmission precoder is selected from the uplink codebook, as defined in Subclause 6.3.1.5 of [4, TS 38.211].

For codebook based transmission, the UE determines its codebook subsets based on TPMI and upon the reception of higher layer parameter ULCodebookSubset which may be configured with ‘fullAndPartialAndNonCoherent’, or ‘partialAndNonCoherent’ ', or 'Non-Coherent' depending on the UE capability. The maximum transmission rank may be configured by the higher parameter ULmaxRank.
A UE reporting its UE capability of ' partialAndNonCoherent ' transmission shall not expect to be configured by ULCodebookSubset with fullAndPartialAndNonCoherent. 

A UE reporting its UE capability of 'Non-Coherent' transmission shall not expect to be configured by ULCodebookSubset with ‘fullAndPartialAndNonCoherent’ or with ‘partialAndNonCoherent '.

For codebook based transmission, the UE may be configured with a single SRS resource set and only one SRS resource can be indicated based on the SRI from within the SRS resource set. The maximum number of configured SRS resources for codebook based transmission is 2. 
When multiple SRS resources are configured, the UE shall expect that higher layer parameter NrofSRS-Ports shall be configured with the same value in all SRS resources, and the higher layer parameter SRS-ResourceConfigType shall be configured with the same value in all SRS resources.
A guard period depending on UE capability where UE does not transmit any other signal in-between the SRS resources in the SRS set for codebook is used in case the SRS resources are transmitted in the same slot.
----------------------------------- End of Text Proposal -----------------------------------
3.2 Antenna selection with non-codebook transmission 

In the SRS resource set for non-codebook, 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 signaling. Then when the 2T4R UE reports its supported simultaneously transmission of SRS as 2, the gNB can configure 2, or 4 SRS resources in one non-codebook SRS resource set. 
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Figure 3 Illustration of antenna selection with non-codebook transmission
As shown in Figure 3, only two SRS resources can be transmitted simultaneously, SRS resource 0 and 1, or SRS resource 2 and 3. With 4 SRS resources configured, the gNB need to assign at least two symbols for the UE to transmit these two pairs of SRS resources. A pair of antenna ports can form one or two SRS ports corresponding to one or two SRS resources. The UE probably cannot perform transmission if two SRIs across antenna pairs are indicated. Thus, 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 transmitted in different symbols.
Table 2: SRI indication for non-codebook based PUSCH transmission, 
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As shown in the example table, if the UE only supports two SRS resources to be transmitted simultaneously, and the gNB is going to configure 4 resources anyway, it’s ambiguous whether the SRIs from two symbols can be indicated to the UE or not. One simple way is that in this case, the gNB configures SRS resource 0 and 1 in one symbol, and SRS resource 2 and 3 in another symbol, then the entries in the table marked in yellow is not allowed to be indicated to the UE.
For this issue, to avoid ambiguity, there was an agreement already attached as follows, which is not well captured in current spec:

R1-1715235 was agreed in RAN1#90 meeting,

· Note: The gNB should only signal SRI(s) such that the UL precoding transmission inferred from the signalled SRI(s) can be simultaneously conducted by the UE.
It only allows the SRS resource(s) which can be simultaneously transmitted by the UE to be indicated by SRI field in DCI. The agreement should be captured as the text proposal in below.
Proposal 3: The previous agreement should be captured into 38.214 as the text proposal in section 3.2.1.
3.2.1 Text proposal 
---------------------------------- Start of Text Proposal ---------------------------------

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. The maximum number of SRS resources that can be configured for non-codebook based uplink transmission is 4.

For non-codebook based transmission, the UE can measure NZP CSI-RS resource to calculate the precoder used for the transmission of precoded SRS. 

-
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-periodic SRS resource set is configured, the NZP-CSI-RS-ResourceConfigID for measurement is indicated via higher layer parameter SRS-AssocCSIRS per set.

If the number of SRS resources in the resource set is greater than the number of SRS resources which can be simultaneously transmitted, the SRI(s) can be indicated to the UE [2, TS 38.212] only if the SRS resources associated with the indicated SRIs are transmitted on the same symbol. 
----------------------------------- End of Text Proposal -----------------------------------
4 Conclusions
In this contribution, we discussed the transmit antenna selection scheme, and have the following conclusion:
Observation 1: Inconsistent understanding of transmit antenna(s) results in performance degradation, so that open-loop antenna selection by the UE can be problematic.
Proposal 1: The UE shall report its required guard period between the transmission of SRS resources in the SRS resource set for codebook transmission.
Proposal 2: The UE is not expected to be configured with PUSCH transmission on the symbols where the guard period is reserved prior to the transmission of SRS in the SRS set for codebook, if the indicated SRI of PUSCH transmission is different from the following SRS in the SRS set for codebook. 
Proposal 3: The previous agreement should be captured into 38.214 as the text proposal in section 3.2.1.
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