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Generally, the content of this paper is a re-submission of R1-1715743 [1], but with some up-to-date thoughts according to latest agreements.
In RAN1 NRAH#3 and #90 meeting [2,3], we had the following agreements for beam indication in NR.
	Agreement: 
A UE is RRC configured with a list of up to M candidate Transmission Configuration Indication (TCI) states at least for the purposes of QCL indication
· …
· Each TCI state can be configured with one RS Set
· Each ID (FFS: details of ID) of DL RS at least for the purpose of spatial QCL in an RS Set can refer to one of the following DL RS types:
· SSB
· Periodic CSI-RS
· Aperiodic CSI-RS
· Semi-persistent CSI-RS
· FFS: Other RS (e.g. TRS, PTRS) in an RS set depending on outcome of discussions in the QCL agenda item
· FFS: Mechanisms to initialize/update the ID of a DL RS(s) in the RS Set used at least for spatial QCL purposes
· At least the following two mechanisms are FFS: (1) explicit signalling to the UE of the DL RS(s) ID and corresponding TCI state (2) implicit association of the DL RS ID(s) to a TCI state based on measurements by the UE.
· The mechanisms used for different RS types are FFS
· …
Agreement:
· For QCL indication for PDSCH:
· When TCI states are used for QCL indication, the UE receives an N-bit TCI field in DCI
· The UE assumes that the PDSCH DMRS is QCL with the DL RS(s) in the RS Set corresponding to the signaled TCI state
· FFS: whether or not a QCL type is configured, configuration details are for further study
·  Whether or not the TCI field is always present in a given DL-related DCI is FFS
· FFS: Whether or not the TCI field is in the same DCI as that containing the PDSCH scheduling assignment
· FFS: Timing between when the UE receives a QCL configuration/indication and the first time that the QCL assumption may be applied for demodulation of PDSCH or PDCCH
Agreements:
· For the purposes of beam indication for at least NR unicast PDSCH, support an N-bit indicator field in DCI which provides a reference to a DL RS which is spatially QCL’d with at least one PDSCH DMRS port group
· An indicator state is associated with at least one index of a DL RS (e.g., CRI, SSB Index) where each index of downlink RS can be associated with a given DL RS type,  e.g., aperiodic CSI-RS, periodic CSI-RS, semi-persistent CSI-RS, or SSB, 
· Note: L1-RSRP reporting on SSB is not yet agreed
· Note: One possibility to determine DL CSI-RS type is through the resource setting ID, other options are not precluded
· The value of N is FFS, but is at most [3] bits
· FFS: The case of more than one DMRS port group
· FFS: Whether or not to indicate more than one beam indicator, NR strive to minimize the indicator overhead 
· FFS: Signalling mechanism for the association of a DL RS index (e.g., CRI, SSB index) to an indicator state,  
· …
Agreements:
· Support the QCL indication of DM-RS for PDSCH via DCI signaling:
· The N-bit indicator field in the agreed WF R1-1714885 is extended to support:
· Each state refers to one or two RS sets, which indicates a QCL relationship for one or two DMRS port group (s), respectively
· Each RS set refers to one or more RS(s) which are QCLed with DM-RS ports within corresponding DM-RS group
· Note: The RSs within a RS set may be of different types
· …


This contribution provides our views on beam indication for unicast PDSCH and PDCCH (if supported signalling via DCI), especially focus on FFS with yellow part of above agreements.
Discussion
According to RAN1 #90 agreements listed above it states that for at least unicast PDSCH NR supports an N ()-bit indicator field in DCI (that is, the TCI (Transmission Configuration Indication) state re-naming in accordance with RAN1 NRAH#3 agreement) which provides a reference to DL RS(s) which is QCL-ed with at least one PDSCH DMRS port group. It indeed provides flexibility for the network to develop multiple possible DL RS types for possible various QCL relations with lower signalling overhead. Furthermore, it also possesses low signalling latency via DCI. From UE perspective, beam measurement may be based on different reference signal types. For CSI-RS, various time-domain behaviour can be used, aperiodic, semi-persistent, or periodic. Meanwhile SS block (SSB) is newly agreed as one of beam management signals per last meeting. Therefore so far DL RS types for beam management are periodic CSI-RS (P-CSI-RS), aperiodic CSI-RS (Ap-CSI-RS), semi-persistent CSI-RS (Sp-CSI-RS), and SSB.
Although it is realized that each TCI state can be configured with one RS set which may refer to one or more RS(s) which indicates various QCL relations, it is still unclear what is the signalling mechanism for the association of DL RS indexes to an indicator state and how to explicitly or implicitly identifying to the UE.
3-bit indicator case
[bookmark: _GoBack]The case of N = 3 bits used for the indicator in DCI is as illustrated in Table 1. In this case, 8 TCI indicator states could be used for beam indication with spatial QCL assumption or for other QCL relations. In other words, maximum reference RS resource measurements for UE memory is M and consider M being equivalent to 2N as a starting point, which implies that at most 8 previous RS resource measurements could be considered to be referred to in the indicator. According to the agreements what we have, each indicator state may refer to the set of multiple RSs and may with different RS types. As a result, named L as number of DL RS resource measurements for a certain indicator state. This table can be updated by RRC or MAC CE which is relative no payload issue compared to DCI at the nth RS resource measurement where index n means a counter for total DL RS managements since RRC connection is established and L = 2 is configured for TCI state 3, and L = 1 for other states. Taking multiple DL RSs (SSB and Sp-CSI-RS) in TCI state 3 as example, network can configure QCL relations between two DL RSs and the target RS (e.g., DMRS of the PDSCH), respectively. To more details, time or frequency QCL parameters of the SSB can make QCL assumption to the DMRS, while Sp-CSI-RS can make the spatial QCL relation with the DMRS. Meanwhile RS resource measurement index  is signalling by RRC or MAC CE as well.
In this table, for example, state 0 provides L = 1 reference to SSB time indexes (TIs) 5 to 12 with resource setting ID 0 at previous 7th RS measurement during initial access for spatial QCL with DMRS for PDSCH and PDCCH (if supported signalling via DCI) beam indication. Because a full set of SSB with TIs 5 to 12  during initial access would be used for reference in state 0, RS index to the indicator association would be “0,” implying that RS index could be implicitly signalling to UE (i.e., already known to UE). In other words, no any signalling would be needed for indicating RS index.
For another case, state 3 provides L = 2 references to RS indexes, SSB in TI=10 with resource setting ID j = 0 at previous 6th RS measurement for time or frequency QCL parameters of the SSB to the target RS, and Sp-CSI-RS resource indicators 14 and 16 (CRIs = 14, 16) with resource setting ID j = 2 at previous 4th RS measurement for beam indication with spatial QCL relation. Because SSB with TI=10 is a full set of previous 6th RS measurement and Sp-CSI-RS with CRI =14, 16 is a subset of previous 5th RS measurement in state 3, RS index (TI and CRI) to the indicator association would be “0” and “1,” respectively, implying that SSB would be implicitly signalling (i.e. known to UE) to UE and CRI would be explicitly signalling. That is, CRI would be signalling to the UE by RRC or MAC CE while no need any signalling for indicating SSB’s TI.
[image: ]
Table 1: Exemplary look-up table of 3-bit indicator for beam indication
2-bit indicator case
Here shows an example depicted in Figure 1 with relation between 2-bit identifier and DL RSs within maximum RS resource measurements for UE memory, 4 (that UE memory is like concept of sliding window). Similarly, N = 2 bits mean that UE can totally memory four state-transitions shown in the exemplary table of Figure 1. After nth RS resource measurement (index n means the counter for total DL RS managements since RRC connection is established), if a state of TCI 2-bit indicator being received by UE is ‘3,’ UE checks its look-up table and realizes that it references to two DL RS resource measurements (i.e., L = 2), one RS type is SSB, with TI=15 at previous 3rd RS measurement and the other RS type is Ap-CSI-RS, with CSI-RS resource indicators 26 and 28 (CRIs = 26, 28) at the most recent RS measurement. Owing to the fact that SSB with TI=15 is a subset of previous 3rd RS measurement in state 0 and Ap-CSI-RS with CRIs=26, 28 is a full set of the most recent RS measurement, RS index (TI and CRI) to the indicator association would be “1” (Explicit, signalling to the UE) and “0” (Implicit, no further signalling), respectively. For case (i) expressed in Figure 1, DMRS#A within the port group would be spatially QCL-ed with the SSB with TI = 15; while DMRS#B and DMRS #C within the port group would be spatially QCL-ed with CRIs #26 and #28, respectively, for case (ii). 
Consequently N-bit TCI indicator in DCI not only can flexibly combine multiple DL RS resources with low signalling overhead by the network for PDSCH and PDCCH (if supported signalling via DCI) beam indication, but it also can extend this functionality to beam measurement procedures and for beam failure recovery purpose. Details need further study.
[image: ]
Figure 1: Example of 2-bit indicator operating with relation of previous DL RSs for beam indication
To the extend it is proposed that the N-bit TCI indicator should look up to multiple measured resource sets or subset and different RS resources with various QCL relations, which is illustrated in Table 1 with 3-bit case and Figure 1 with 2-bit case, respectively. The content of this UE-specific table is updated via RRC or MAC CE which is relatively no payload issue compared to DCI, while signalling N-bit indicator to the UE via DCI, N may be restricted at most 3 bits. Specifically, contents of the look-up table are updated accordingly with resource measurement counters via RRC or MAC CE, including the indicator state mapping to measurement index, total number of measurement index in a certain indicator state L, RS index to the indicator association, 1 bit, to identify implicit or explicit signalling (If explicit, RS index in that indicator state may need further assignment).
Observation 1: Due to payload consideration the contents and related parameters of UE-specific look-up table could be updated by RRC or MAC CE.
Observation 2: The TCI field doesn’t need to be present in a given DL-related DCI when no update.
Proposal: 
· For PDSCH and PDCCH (if supported signalling via DCI) indications, NR supports UE-specific look-up Table with N-bit TCI indicator which
· contents and related parameters are signalling via RRC or MAC CE, including
· the indicator state mapping to measurement index 
· total number of measurement index in a certain indicator state L
· RS index to the indicator association, 1 bit, to identify implicit and explicit signalling (If explicit, RS index in that indicator state may need further assignment)
· the indicator refers to previous DL RS(s) within maximum reference RS resource measurements for UE memory M=2N
· FFS:N (e.g., N=[2,3])
Besides, according to RAN1#88 [4] agreements as shown below, to align and simplify terminology various RS types can be identify by resource setting ID of common configuration framework in our view.
Observation 3: For common configuration framework for beam management and CSI acquisition, to determine DL RS type is able through the resource setting ID.
	Agreements:RAN1#88
…
· A resource setting at least including
· Time-domain behavior: e.g. aperiodic, periodic, semi-persistent
· RS type: NZP CSI-RS at least
· At least one CSI-RS resource set, with each CSI-RS resource set having K≥1 CSI-RS resources
· FFS whether or not support >1 CSI-RS resource set per resource setting
· Some parameters of K CSI-RS resources can be the same, e.g. port number, time-domain behavior, density and periodicity if any
…


Conclusions
In this contribution, we discuss details of beam indication for unicast PDSCH and PDCCH (if supported signalling via DCI), and have the following observations and proposals.
Observation 1: Due to payload consideration the contents and related parameters of UE-specific look-up table could be updated by RRC or MAC CE.
Observation 2: The TCI field doesn’t need to be present in a given DL-related DCI when no update.
Observation 3: For common configuration framework for beam management and CSI acquisition, to determine DL RS type is able through the resource setting ID.
Proposal:
· For PDSCH and PDCCH (if supported signalling via DCI) indications, NR supports UE-specific look-up Table with N-bit TCI indicator which
· contents and related parameters are signalling via RRC or MAC CE, including
· the indicator state mapping to measurement index 
· total number of measurement index in a certain indicator state L
· RS index to the indicator association, 1 bit, to identify implicit and explicit signalling (If explicit, RS index in that indicator state may need further assignment)
· the indicator refers to previous DL RS(s) within maximum reference RS resource measurements for UE memory M=2N
· FFS:N (e.g., N=[2,3])
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