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Introduction
In the RANP#79 meeting, a milestone for 5G, Rel.15 specifications for NR was endorsed. In NR Rel.15, a lot of new features have been added including beam indication. Still, there are some ambiguities in both UL and DL beam indication. In this contribution, we aim to clarify these ambiguities.
UE behaviour between initial RRC configuration/RRC re-configuration and MAC-CE activation of UL beam indication
In RAN1 #91 meeting, the mechanism for PUCCH beam indication has been changed as follows:  PUCCH-Spatial-relation-info is a list of multiple entries and each entry can be SSB ID or, a CRI, or a SRI. One or multiple SpatialRelationInfo IE(s) is included in the list. MAC-CE signalling is introduced to provide spatial relation information for a PUCCH resource corresponding to one of the entries in PUCCH-Spatialrelationinfo. If PUCCH-Spatialrelationinfo includes only one SpatialRelationInfo IE, UE applies the configured SpatialRelationInfo and no MAC-CE is used.
Similar to DL beam indication, when multiple SpatialRelationInfo IEs are included in the list, there is an ambiguity period between the RRC configuration of multiple SpatialRelationInfo IEs and the MAC-CE activation of one of them. Considering the latency between MAC-CE activation and the application of MAC-CE message at UE side [2], the ambiguity period is now defined as the interval between RRC configuration of multiple SpatialRelationInfo IEs and the application of MAC-CE message of activating one of them (see Figure 3).
Within the ambiguity period, UE may transmit PUCCH for the purpose of ACK/NACK, e.g. in response to the PDSCH carrying RRC configuration. If no UE behaviour for the PUCCH transmission is specified within this period, UE does not know which beam indication will be applied and may randomly choose one of spatial relations in PUCCH-Spatialrelationinfo or keep the same spatial direction of PUCCH transmission as the one before configuration. In this case, gNB cannot decide which Rx beam or Rx chain to use for the PUCCH reception, especially when more than one receiving RF chain is working at the same time at the gNB side.
If the UE behaviour for the PUCCH transmission is specified within this period, gNB is able to arrange a proper Rx beam for the reception of PUCCH from the UE.
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Figure 3. Ambiguity period in UL beam indication for PUCCH
In order to specify the UE behaviour mentioned above, two cases are considered. In the first case, the ambiguity period is assumed to be the time between initial RRC configuration and MAC-CE activation. A solution to avoid the ambiguity is to transmit PUCCH according to the first entry of PUCCH-Spatialrelationinfo. With the success of the initial access procedure, the most reliable uplink spatial direction is the spatial direction for Msg 3 PUSCH transmission. If beam correspondence holds, the SSB identified during initial access can be configured as the first entry of PUCCH-Spatialrelationinfo. If beam correspondence does not hold, the SRS sharing the same spatial domain transmission filter with Msg 3 PUSCH can be configured as the first entry of PUCCH-Spatialrelationinfo. 
In the second case, the ambiguity period is assumed to be the time between RRC re-configuration and MAC-CE activation. A flexible solution to avoid the ambiguity is also to transmit PUCCH according to the first entry of PUCCH-Spatialrelationinfo. Since it is a case after RRC re-configuration, more RSs have been measured and they can be used to indicate the direction of uplink beam. In this case, one of these RSs can be configured as the first entry of PUCCH-Spatialrelationinfo.
Proposal 1: Specify UE behaviour in 38.213 subclause 9.2.1,
· After initial RRC configuration of a list of spatial relations in PUCCH-SpatialRelationInfo and before UE applies the MAC-CE activation message, UE is expected to transmit PUCCH using the spatial relationship indicated by the first entry of PUCCH-Spatialrelationinfo.
· After RRC re-configuration of a list of spatial relations in PUCCH-SpatialRelationInfo and before UE applies the MAC-CE activation message, UE is expected to transmit PUCCH using the spatial relationship indicated by the first entry of PUCCH-Spatialrelationinfo.
Conclusion
In this contribution, the issues associated with both DL and UL beam indication are discussed. Based on the discussion, we have the following proposals:
Proposal 1: Specify UE behaviour in 38.213 subclause 9.2.1,
· After initial RRC configuration of a list of spatial relations in PUCCH-SpatialRelationInfo and before UE applies the MAC-CE activation message, UE is expected to transmit PUCCH using the spatial relationship indicated by the first entry of PUCCH-Spatialrelationinfo.
· After RRC re-configuration of a list of spatial relations in PUCCH-SpatialRelationInfo and before UE applies the MAC-CE activation message, UE is expected to transmit PUCCH using the spatial relationship indicated by the first entry of PUCCH-Spatialrelationinfo.
The corresponding text proposals are suggested in Annex 5.1.
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Annex 
5.1	Text proposal related to UE behavior of transmitting PUCCH before any configured beam is initially activated by an MAC-CE
----------------------------------------------------TP on CR 38.213(start)----------------------------------------------------
[bookmark: _Toc454818116]9.2.1	PUCCH Resource Sets
…
-	a spreading factor for an orthogonal cover code in case of PUCCH format 4
-	The spreading factor of PUCCH format 4 is from a set of {2, 4} as described in [4, TS 38.211] and is indicated by higher layer parameter PUCCH-F4-preDFT-OCC-length;
-	a spatial setting provided by higher layer parameter PUCCH-Spatialrelationinfo if it provides a single value for higher layer parameter Spatialrelationinfo; otherwise, the spatial setting is provided by a selection command for the value of Spatialrelationinfo [11, TS 38.321].
If a UE has received initial configuration/re-configuration of more than one entry of spatial relationship by higher layer parameter PUCCH-SpatialrelationInfo containing more than one entry of spatial relationship but has not received a the MAC-CE activation for one of the entry, the UE shall transmit the PUCCH with the same spatial domain transmission filter used for the transmission/reception of the RS indicated by the first entry of PUCCH-SpatialrelationInfo.

A UE can be configured a number of sets of PUCCH resources by higher layer parameter PUCCH-resource-set, where the number of PUCCH resources in each set of PUCCH resources is provided by higher layer parameter PUCCH-resource-set-size and where a PUCCH resource in a set of PUCCH resources is indicated by higher layer parameter PUCCH-resource-index.

----------------------------------------------------TP on CR 38.213(end)----------------------------------------------------
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