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Introduction
In the previous RAN1 meeting, a milestone for 5G, Rel.15, has been endorsed. In 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.
Clarification on the ‘offset’ in beam indication for PDSCH
In TS38.214 v15.0.0 Subclause 5.1.5 [1], the description about beam indication for PDSCH is as follows,
	[bookmark: _Hlk497994280][bookmark: _Hlk498002628][bookmark: _Hlk500790716]If the TCI-PresentinDCI is set as 'Enabled', the UE shall use the TCI-States according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. The UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located with the RS(s) in the RS set with respect to the QCL type parameter(s) given by the indicated TCI state if the offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset, where the threshold is FFS. For both the case when TCI-PresentInDCI = 'Enabled' and TCI-PresentInDCI = 'Disabled' If the offset is less than a threshold, the UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located based on the TCI state used for PDCCH quasi-colocation indication of the lowest CORESET-ID in the latest slot in which one or more CORESETs are configured for the UE.


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]It can be seen that the timing offset between the reception of the DL DCI and the corresponding PDSCH is used to determine the TCI states for PDSCH. However, the definition of the offset is still not clear for the UE. The first ambiguity is whether the “offset” is one “offset” (between the reception of the DL DCI and the first symbol of scheduled PDSCH) or per symbol “offset” (between the reception of the DL DCI and each scheduled PDSCH symbol). Another ambiguity is the exact timing of “the reception of the DL DCI”. In this section, these ambiguities will be discussed.
Only one ‘offset’ or ‘offset’ per symbol
In [1], “the corresponding PDSCH” in the definition of the offset is not defined clearly, and both of the following understandings make sense. 
· One understanding is the offset between the reference point of DCI reception and the first symbol of scheduled PDSCH (Case 1 in Figure 1). 
· Another understanding is the offset between the reference point of DCI reception and each symbol of scheduled PDSCH (Case 2 in Figure 1). 


Figure 1. Clarification on the understanding of the offset
The definition of the offset is the key point that what kind of UE behavior follows the description in 38.214.
 If the definition of the offset is the first understanding, then there is only one offset for the scheduled PDSCH. After DCI is correctly decoded, the value of the offset can be derived from the scheduling grant in DCI signaling. If the offset is smaller than Threshold-Sched-Offset, the UE may assume that TCI state of the PDSCH is a default TCI state (i.e., TCI state of the lowest CORESET-ID in the latest slot). In this case, even if TCI field is present in the DCI signaling, the indicated TCI state is meaningless due to the small offset value. It seems that this understanding is against the intention of dynamic beam indication.
If the definition of the offset is the second understanding, the TCI state for each PDSCH symbol can be derived separately. For example, the offset of symbol 5 in Figure 3 is smaller than Threshold-Sched-Offset, then the TCI state of symbol 5 is a default state (i.e., TCI state of the lowest CORESET-ID in the latest slot). When the UE prepares to receive symbol 7 and the offset is equal to Threshold-Sched-Offset, the UE shall use the TCI states indicated by TCI field in the detected DCI.
From the above analysis, it can be seen that the definition of the offset in case 2 is more reasonable. Therefore, we propose that the offset is clarified as per symbol offset. The corresponding text proposal is suggested in Annex 6.1. 
Proposal 1: The definition of the offset should be clarified e.g. only one offset value per PDSCH or each PDSCH symbol may have a different offset.
· It is preferred that each PDSCH symbol has an offset, due to the better performance which can be obtained by using the appropriate beam after the DCI is successfully decoded.

The starting point of the ‘offset’
Another ambiguity is the exact timing of “the reception of the DL DCI”. Figure 2 shows some possible understandings of the exact timing of “reception of the DL DCI”:


Figure 2. Clarification on the exact timing of “the reception of the DL DCI” in 38.214
· Case 1: The exact timing of “the reception of the DL DCI” can be the last symbol in which the DCI signaling occurs, i.e., symbol 0 in Figure 2.
· Case 2: The exact timing of “the reception of the DL DCI” can be the last symbol of the CORESET where the DCI signaling is detected, i.e., the symbol 1 of CORESET 2 in Figure 2.
· Case 3: The exact timing of “the reception of the DL DCI” can be the last symbol of all configured CORESETs which may carry the scheduling DCI, i.e., the symbol 2 in Figure 2.
Case 1 is the most straightforward understanding. However, before the DCI is decoded correctly, the exact position of the DCI is unknown to the UE. Correspondingly, the offset cannot be derived due to the lack of the exact timing of “the reception of the DL DCI”. According to the specification [1], the TCI state of PDSCH relies on the comparison between the offset and the threshold. Therefore, there is an ambiguous region before the DCI is decoded, which is shown in Figure 3.
Case 2 is similar to option 1. The CORESET scheduling PDSCH can only be determined after DCI is decoded correctly. 



Figure 3. Ambiguous region in case 1.

Case 3 is related to all the configured CORESETs in which the scheduling DCI could be received and it is clear for the UE no matter whether DCI is decoded or not. Therefore, case 3 is more reasonable than case 1 and case 2. Usually, the configured CORESETs will occupy more than one symbol, one symbol can be predefined as the timing of DCI reception, e.g., the last symbol of configured CORESETs. Therefore, we propose that the exact timing of “the DCI reception” in relation to the offset is clarified as the last symbol of all configured CORESETs in which the scheduling DCI could be received. The corresponding text proposal is suggested in Annex 6.1. 
Proposal 2: The exact timing of “the reception of the DL DCI” in offset derivation should be clarified to solve the ambiguity.
· The last symbol of all configured CORESETs in which the scheduling DCI could be received is preferred as the point of “the reception of the DL DCI”, for the reason that this point is quite clear to the UE as the position where the beam needs possibly to be changed even before the DCI is successfully decoded.
UE behavior between initial RRC 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 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 to one of the entries in PUCCH-Spatialrelationinfo. If PUCCH-Spatialrelationinfo includes one SpatialRelationInfo IE, UE applies the configured SpatialRelationInfo and no MAC-CE is used.
Similar to DL beam indication (see Section 6.3 annex), 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 (see Figure 4). Within this period, UE may transmit PUCCH for the purpose of ACK/NACK, e.g. in response to the PDSCH carrying RRC configuration. 
If no UE behavior 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 behavior 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: ]Although in the early stage of 5G deployment, most of gNBs will have only one receiving RF chain, this kind of clarification seems not necessary. However, if the UE transmitting behavior can be clarified in this stage, the terminals placed on the market in the early period can work efficiently even after the network is updated to support more than one receiving RF chain in the future. In one word, if this UE behavior is clarified, the terminals would have better forward-compatibility.
Figure 4. Ambiguity period in UL beam indication for PUCCH

The ambiguity period mentioned above usually occurs after the initial access procedure. With the success of the initial access procedure, the most reliable UL spatial direction is the spatial direction for Msg 3 PUSCH transmission. Therefore, within this ambiguity period, the UE should be expected to transmit PUCCH in the same spatial direction as Msg 3 PUSCH. Therefore, we propose to specify UE behavior within this ambiguity period and the corresponding text proposal is suggested in Annex 6.2.
Proposal 3: Specify UE behavior in 38.213 subclause 9.2.1 when UE has not received an indication for PUCCH-Spatialrelationinfo.
· Before any beam is activated via an MAC CE, UE is expected to transmit PUCCH in the same spatial direction as Msg 3 PUSCH.
· Terminals placed on the market in the early stage of 5G could have better forward compatibility if this clarification is done in Rel-15.

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: The definition of the offset should be clarified e.g. only one offset value per PDSCH or each PDSCH symbol may have a different offset.
· It is preferred that each PDSCH symbol has an offset, due to the better performance which can be obtained by using the appropriate beam after the DCI is successfully decoded.
Proposal 2: The exact timing of “the reception of the DL DCI” in offset derivation should be clarified to solve the ambiguity.
· The last symbol of all configured CORESETs in which the scheduling DCI could be received is preferred as the point of “the reception of the DL DCI”, for the reason that this point is quite clear to the UE to as the position where the beam needs possibly to be changed even before the DCI is successfully decoded.
Proposal 3: Specify UE behavior in 38.213 subclause 9.2.1 when UE has not received an indication for PUCCH-Spatialrelationinfo.
· Before any beam is activated via an MAC CE, UE is expected to transmit PUCCH in the same spatial direction as Msg 3 PUSCH.
· Terminals placed on the market in the early stage of 5G could have better forward compatibility if this clarification is done in Rel-15.
The corresponding text proposals are suggested in Annex 6.1 and 6.2.
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Annex 
6.1	Text proposal related to the clarification on the ‘offset’ in beam indication for PDSCH
----------------------------------------------------TP on CR 38.214(start)----------------------------------------------------

5.1.5	Antenna ports quasi-colocation
…
If the TCI-PresentinDCI is set as 'Enabled', the UE shall use the TCI-States according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. The UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located with the RS(s) in the RS set with respect to the QCL type parameter(s) given by the indicated TCI state if the per symbol offset between the reception of the last symbol of the configured CORESETs in which the DL scheduling DCI could be received and the corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset, where the threshold is FFS. For both the case when TCI-PresentInDCI = 'Enabled' and TCI-PresentInDCI = 'Disabled' If the per symbol offset is less than a threshold, the UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located based on the TCI state used for PDCCH quasi-colocation indication of the lowest CORESET-ID in the latest slot in which one or more CORESETs are configured for the UE.

----------------------------------------------------TP on CR 38.214(end)----------------------------------------------------


[bookmark: _GoBack]6.2	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 length for an orthogonal cover code in case of PUCCH format 4
-	the length of the orthogonal cover code 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 by higher layer parameter PUCCH-Spatialrelationinfo.
If the UE has not received an indication for the spatial relation between reference RS and PUCCH from the list of configurations of the spatial relation between reference RS and PUCCH provided by PUCCH-SpatialrelationInfo, the UE shall transmit the PUCCH with the same spatial domain transmission filter used for the transmission of Msg3 PUSCH.

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)----------------------------------------------------

6.3	Background on Mechanism for DL beam indication
The framework of DL beam indication is based on TCI states. According to [2], the mechanism for PDCCH beam indication is as follows: M TCI states are RRC configured for CORESET configuration. K out of M TCI states can be configured to each CORESET. When K>1, MAC CE can indicate which TCI state to be used for PDCCH QCL indication. When K=1, no additional MAC CE signaling is necessary.
When K = 1, there is no ambiguity as UE will apply the PDCCH QCL indication without further indication. However, when K>1, there is an ambiguity period between the RRC configuration of K TCI states and the MAC CE activation of one of them, as shown in Figure 5. 
[image: ]
Figure 5. Ambiguity period in DL beam indication for PDCCH
This ambiguity has been clarified in RAN1 #91 meeting and the corresponding UE behavior has been specified in [2]: ‘UE assumes that the DM-RS antenna port associated with PDCCH reception in the UE-specific search space is quasi co-located with the DM-RS antenna port associated with PBCH reception with respect to delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters.’.
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