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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 number of new features have been added including beam indication. Still, there are some ambiguities in UL beam indication. In this contribution, we aim to clarify these ambiguities.
UE behaviour before initial RRC configuration
In the latest 38.213 [1], the PUCCH beam indication before dedicated PUCCH resource configuration is specified, which is ‘the UE transmits the PUCCH using the same spatial domain transmission filter as for the Msg3 PUSCH transmission’. One problem here is that the PUCCH-Config carrying dedicated PUCCH resource configuration does not necessarily include a list of PUCCH-SpatialRelationInfo. This means that the PUCCH beam indication between dedicated PUCCH resource configuration and the configuration of PUCCH spatial setting is still ambiguous. In order to avoid this ambiguity, it may be more appropriate to specify the default spatial relation of PUCCH before the time that a list of PUCCH-SpatialRelationInfo is/are initially configured. 
[bookmark: _GoBack]Proposal 1: Specify UE behaviour in 38.213 subclause 9.2.2,
· Before initial RRC configuration of a list of PUCCH-SpatialRelationInfo in PUCCH-Config, the UE transmits the PUCCH using the same spatial domain transmission filter as for the Msg3 PUSCH transmission.
UE behaviour between initial RRC configuration/RRC re-configuration and MAC-CE activation of UL beam indication
According to the latest 38.213 [1] and 38.331 [2], the mechanism for indicating PUCCH spatial relation is specified as follows: PUCCH-Config can be added with a list of PUCCH-SpatialRelationInfo IE(s) and each of them can be associated with a SSB ID or, a CRI, or a SRI. MAC-CE signalling is introduced to provide a PUCCH-SpatialRelationInfo to a PUCCH resource if more than one PUCCH-Spatialrelationinfo are configured. If PUCCH-Config includes only one PUCCH-SpatialRelationInfo IE, UE directly applies the configured PUCCH-SpatialRelationInfo without the use of MAC-CE message.
Similar to DL beam indication, when multiple PUCCH-SpatialRelationInfo IEs are included in the list, there is an ambiguity period between the RRC configuration of multiple PUCCH-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 [3], 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 a list of 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 RF 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.
[image: ]
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 a list of PUCCH-SpatialRelationInfo and MAC-CE activation of the spatial relation of specific PUCCH resource(s). A solution to avoid the ambiguity is to transmit the PUCCH according to the first entry of PUCCH-Spatialrelationinfo. With the success of the initial access procedure and beam management procedure afterwards, appropriate spatial relation for PUCCH transmission can be identified. In this case, the most appropriate one can be configured as the first entry of a list of PUCCH-Spatialrelationinfo.
The second case is about the period between RRC re-configuration of PUCCH-SpatialRelationInfo and the corresponding MAC-CE activation. Within this period, the spatial relations of PUCCH resources are according to, if applicable, the previously activated spatial relations without any specification effort. For the newly configured PUCCH resources with no activated PUCCH-SpatialRelationInfo, gNB can avoid to schedule the PUCCH transmission before the activation of their spatial relation.
Proposal 2: Specify UE behaviour in 38.213 subclause 9.2.2,
· After initial RRC configuration of a list of PUCCH-SpatialRelationInfo and before UE applies the MAC-CE activation message for a PUCCH resource, UE is expected to transmit the PUCCH using the spatial relation indicated by the first entry of a list of PUCCH-SpatialrelationInfo.
Proposal 3: No need to specify the UE behaviour between RRC re-configuration of a list of PUCCH-SpatialRelationInfo and the corresponding MAC-CE activation.
Conclusion
In this contribution, the issues associated with UL beam indication are discussed. Based on the discussion, we have the following proposals:
Proposal 1: Specify UE behaviour in 38.213 subclause 9.2.2,
· Before initial RRC configuration of a list of PUCCH-SpatialRelationInfo in PUCCH-Config, the UE transmits the PUCCH using the same spatial domain transmission filter as for the Msg3 PUSCH transmission.
Proposal 2: Specify UE behaviour in 38.213 subclause 9.2.2,
· After initial RRC configuration of a list of PUCCH-SpatialRelationInfo in PUCCH-Config and before UE applies the MAC-CE activation message, UE is expected to transmit the PUCCH using the spatial relation indicated by the first entry of a list of PUCCH-SpatialrelationInfo.
Proposal 3: No need to specify the UE behaviour between RRC re-configuration of a list of PUCCH-SpatialRelationInfo and the corresponding MAC-CE activation.
The corresponding text proposals are suggested in Annex 6.1.
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Annex 
6.1	Text proposal related to default spatial relation of PUCCH transmission
[bookmark: _Toc454818116]----------------------------------------------------TP on CR 38.213(start)----------------------------------------------------9.2.1	PUCCH Resource Sets
If a UE does not have dedicated PUCCH resource configuration, provided by higher layer parameter PUCCH-ResourceSet in PUCCH-Config, a PUCCH resource set is provided by higher layer parameter pucch-ResourceCommon in SystemInformationBlockType1 through an index to a row of Table 9.2.1-1 for transmission of HARQ-ACK information on PUCCH in an initial active UL BWP provided by SystemInformationBlockType1. The PUCCH resource set is provided by higher layer parameter PUCCH-Resource-Common and includes sixteen resources, each corresponding to a PUCCH format, a first symbol, a duration, a PRB offset, and a cyclic shift index set for a PUCCH transmission. The UE transmits a PUCCH using frequency hopping. The UE transmits the PUCCH using the same spatial domain transmission filter as for the Msg3 PUSCH transmission. The UE is not expected to generate more than one HARQ-ACK information bit. The UE is provided sixteen PUCCH resources by higher layer parameter PUCCH-Resource-Common. When the UE provides HARQ-ACK information in a PUCCH transmission in response to detecting a DCI format 1_0 or DCI format 1_1, the UE determines a PUCCH resource with index
……
[bookmark: _Toc510987661]9.2.2	PUCCH Formats for UCI transmission
If a UE is not transmitting PUSCH, and the UE is transmitting UCI, the UE transmits UCI in a PUCCH using 
-	PUCCH format 0 if 
-	the transmission is over 1 symbol or 2 symbols,
-	the number of HARQ-ACK bits with positive or negative SR (HARQ-ACK/SR bits) is 1 or 2 
-	PUCCH format 1 if 
-	the transmission is over 4 or more symbols,
-	the number of HARQ-ACK/SR bits is 1 or 2 
-	PUCCH format 2 if 
-	the transmission is over 1 symbol or 2 symbols,
-	the number of UCI bits is more than 2 
-	PUCCH format 3 if 
-	the transmission is over 4 or more symbols,
-	the number of UCI bits is more than 2 
-	PUCCH format 4 if 
-	the transmission is over 4 or more symbols,
-	the number of UCI bits is more than 2,
-	a PUCCH resource includes an orthogonal cover code 
A spatial setting for a PUCCH transmission is provided by higher layer parameter PUCCH-Spatialrelationinfo if the UE is configured with a single value for higher layer parameter pucch-SpatialrelationinfoId; otherwise, the spatial setting is provided by higher layer parameter PUCCH-SpatialRelationInfo from a set of multiple values provided by respective higher layer parameters pucch-SpatialRelationInfoId [11, TS 38.321]. The UE applies corresponding actions in [10, TS 38.321] and a corresponding setting for a spatial domain filter to transmit PUCCH 3 msec after the slot where the UE transmits HARQ-ACK information corresponding to a PDSCH reception providing the PUCCH-SpatialRelationInfo.
-	If PUCCH-Spatialrelationinfo provides higher layer parameter ssb-Index, the UE transmits the PUCCH using a same spatial domain filter as for a reception of a SS/PBCH block with index provided by ssb-Index; else if PUCCH-Spatialrelationinfo provides higher layer parameter csi-RS-Index, the UE transmits the PUCCH using a same spatial domain filter as for a reception of a CSI-RS with resource index provided by csi-RS-Index; else PUCCH-Spatialrelationinfo provides higher layer parameter srs, and the UE transmits the PUCCH with a same spatial domain filter used as for a transmission of a SRS with resource index provided by srs.
Before a UE receives initial higher layer configuration of a single value or multiple values provided by pucch-SpatialRelationInfoId, the UE transmits PUCCH using the same spatial domain transmission filter as for the Msg3 PUSCH transmission. After a UE receives initial higher layer configuration of the multiple values provided by pucch-SpatialRelationInfoId and before the UE applies corresponding actions in [10, TS 38.321] for a PUCCH, the UE transmits the PUCCH according to the first entry of a list of pucch-SpatialrelationinfoId.
A number of DMRS symbols for a PUCCH transmission using PUCCH format 3 or 4 is provided by higher layer parameter additionalDMRS. 
Use of /2-PBSK, instead of QPSK, for a PUCCH transmission using PUCCH format 3 or 4 is indicated by higher layer parameter pi2BPSK.
……

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