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Introduction
In last RAN4#87 meeting, motivation and initial link-budget results using 2 Rx antenna on vehicle were presented and extensively discussed based on urgent demand from automotive industry. As a results, new SID to evaluate for 2 RX exception in Rel-15 vehicle mounted UE was approved during RAN#80 plenary [1]. In approved SID, following 2 objective was identified and captured;

· Investigate the impact of 2Rx vehicle mounted UE on coverage and throughput and the possible ways to avoid or at least minimize such impact.

· Methods to distinguish vehicular UE from handheld UE

In this contribution, we provide our views for methods to distinguish vehicular UE from handheld UE.

Discussion 
In our understanding, methods to distinguish vehicular UE from handheld UE have same meaning of methods to distinguish 2 Rx UE from 4 Rx UE. For this issue, we think that whether gNB need to know equipped Rx antenna of UE or not should be decided firstly. Typically, number of RX port of UE affected on following aspects;
· UE receiving performance due to different diversity gain

· Maximum supported MIMO layers

For UE receiving performance aspects, we think that there is essentially no need to be inform the number of UE Rx port to network side and the impact of decreased performance of 2 Rx UE respect to 4 Rx UE can be mitigated by outer loop link adaptation process on network. That is the reason why LTE 4 Rx UE supporting only 2 layer doesn’t report any additional UE capability signaling to network. 
So, the only reason to distinguish 2Rx from 4 Rx is for conformance test itself. For conformance test, TE should be aware the number of UE Rx port to discriminate good UE from bad UE and UE vender’s declaration is sufficient as method to distinguish 2 Rx UE from 4 Rx UE.
Observation 1. The number of UE Rx port might be needed to TE for conformance test purpose.
For maximum supported MIMO layer, it is basically limited by number of UE Rx port. In gNB aspect, more dominant parameter is the maximum supported MIMO layer rather than the number of UE Rx port itself.  
The maximum supported MIMO layer should be informed to gNB to handle specific UE behavior, especially in UE reported CSI information, because UCI format having CSI information change according to the maximum supported DL MIMO layers. It means that if gNB doesn’t know maximum supported DL MIMO layers of UE, gNB can’t decode CSI information form UE, correctly. Thus, current NR specification also introduced maximum supported MIMO layers of DL signaling (maxNumberMIMO-LayersPDSCH) as UE capability as we already did in LTE [2][3]. If gNB once know maximum supported MIMO layer of target UE, there seems to be no physical layer issue even gNB doesn’t know any prior information about the number of UE Rx port.

Observation 2. The number of UE Rx port seems not to be critical to gNB for normal operation.
Anyway, if gNB know the number of UE Rx port priory, there might exist some potential chance to maximize system capacity such as different scheduling policy with respect to UE type. Based on this, we slightly prefer to introduce method to distinguish 2 Rx vehicular UE from 4 Rx handheld UE.
For methods itself, we think that both following 2 options are feasible.

· Option 1. Use UE vender’s declaration for number of UE Rx port
· Option 2. Assume maximum supported MIMO layer signaling also as for the number of UE Rx port.

For option 1, it can be feasible for conformance test itself, but it seems that gNB lost potential chance that gNB consider UE specific scheduling policy to maximize system capacity. For option 2, basically, there is no direct coupling between maximum supported MIMO layer and number of UE Rx port until now. But, in NR, following decision was captured in endorsed UE feature list during last RAN plenary meeting [3].
For single CC standalone NR, it is mandatory with capability signaling to support at least 4 MIMO layers in the bands where 4Rx is specified as mandatory for the given UE and at least 2 MIMO layers in FR2. Some relaxations to this requirement may be applicable in the future (including in Rel-15). Mandatory in all cases means mandatory with capability signaling.
It means that NR UE supporting 4 Rx also should also support up to 4 layer MIMO at least for current all 4 Rx mandated NR bands. Thus, we can assume the maximum supported MIMO layer is directly coupled into the number of UE Rx port based on above decision. By assuming this, there is no need to introduce another UE capability signaling.
Proposal 1. For method to distinguish 2 Rx vehicular UE from 4 Rx handheld UE, we propose to take option 2 of using the existing UE capability signaling (MIMO layer).
Proposal 2. RAN4 need to send LS to RAN2 for the RAN4 agreements to use the existing UE capability signaling to distinguish vehicular NR UE from handheld NR UE.
Conclusion
In this paper, we provide our views for methods to distinguish vehicular UE from handheld UE in approved SID as follows;
Proposal 1. For method to distinguish 2 Rx vehicular UE from 4 Rx handheld UE, we propose to take option 2 of using the existing UE capability signaling.
Proposal 2. RAN4 need to send LS to RAN2 for the RAN4 agreements to use the existing UE capability signaling to distinguish vehicular NR UE from handheld NR UE.
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Method to distinguish the vehicle mounted NR UE from handheld NR UE

Typically, number of RX port of UE affected on following aspects;

· UE receiving performance due to different diversity gain

· Maximum supported MIMO layers

For UE receiving performance aspects, we think that there is essentially no need to be inform the number of UE Rx port to network side and the impact of decreased performance of 2 Rx UE respect to 4 Rx UE can be mitigated by outer loop link adaptation process on network. That is the reason why LTE 4 Rx UE supporting only 2 layer doesn’t report any additional UE capability signaling to network. 

So, the only reason to distinguish 2Rx from 4 Rx is for conformance test itself. For conformance test, TE should be aware the number of UE Rx port to discriminate good UE from bad UE and UE vender’s declaration is sufficient as method to distinguish 2 Rx UE from 4 Rx UE.
Observation 1. The number of UE Rx port might be needed to TE for conformance test purpose.
For maximum supported MIMO layer, it is basically limited by number of UE Rx port. In gNB aspect, more dominant parameter is the maximum supported MIMO layer rather than the number of UE Rx port itself.  

The maximum supported MIMO layer should be informed to gNB to handle specific UE behavior, especially in UE reported CSI information, because UCI format having CSI information change according to the maximum supported DL MIMO layers. It means that if gNB doesn’t know maximum supported DL MIMO layers of UE, gNB can’t decode CSI information form UE, correctly. Thus, current NR specification also introduced maximum supported MIMO layers of DL signaling (maxNumberMIMO-LayersPDSCH) as UE capability as we already did in LTE [2][3]. If gNB once know maximum supported MIMO layer of target UE, there seems to be no physical layer issue even gNB doesn’t know any prior information about the number of UE Rx port.

Observation 2. The number of UE Rx port seems not to be critical to gNB for normal operation.
Anyway, if gNB know the number of UE Rx port priory, there might exist some potential chance to maximize system capacity such as different scheduling policy with respect to UE type. Based on this, we slightly prefer to introduce method to distinguish 2 Rx vehicular UE from 4 Rx handheld UE.
For methods itself, we think that both following 2 options are feasible.

· Option 1. Use UE vender’s declaration for number of UE Rx port
· Option 2. Assume maximum supported MIMO layer signaling also as for the number of UE Rx port.

For option 1, it can be feasible for conformance test itself, but it seems that gNB lost potential chance that gNB consider UE specific scheduling policy to maximize system capacity. For option 2, basically, there is no direct coupling between maximum supported MIMO layer and number of UE Rx port until now. But, in NR, following decision was captured in endorsed UE feature list during last RAN plenary meeting [3].

For single CC standalone NR, it is mandatory with capability signaling to support at least 4 MIMO layers in the bands where 4Rx is specified as mandatory for the given UE and at least 2 MIMO layers in FR2. Some relaxations to this requirement may be applicable in the future (including in Rel-15). Mandatory in all cases means mandatory with capability signaling.
It means that NR UE supporting 4 Rx also should also support up to 4 layer MIMO at least for current all 4 Rx mandated NR bands. Thus, we can assume the maximum supported MIMO layer is directly coupled into the number of UE Rx port based on above decision. By assuming this, there is no need to introduce another UE capability signaling. Based on the analysis, RAN4 decide as below

For method to distinguish 2 Rx vehicular UE from 4 Rx handheld UE, RAN4 can use the existing UE capability signaling (MIMO layer) to take option 2.
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