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Discussion and Decision
1
Introduction
Spatial QCL, beam grouping and beam management w/wo beam indication are several agreed procedures in NR. These procedures are needed to handle the smooth beam operation in high carrier frequencies. In this contribution, we elaborate on the options on how beam indication can be used. 

Latest agreements related to beam indication from RAN1#88bis and RAN1#AH2 are as follows:

	RAN1#88bis:

Agreements:
· Support spatial QCL assumption between antenna port(s) within a CSI-RS resource(s) and antenna port of an SS Block (or SS block time index) of a cell 

· The other QCL parameters not precluded 

· FFS: indication either explicit or implicit or  configurable or a default
· Note: default assumption may be no QCL
· Configuration of QCL for UE specific NR-PDCCH is by RRC and MAC-CE signalling
· Note that MAC-CE is not always needed
· FFS: necessity of DCI signalling
· Note: For example, DL RS QCLed with DMRS of PDCCH for delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial parameters

…

RAN1#AH2:
Agreements
· RAN1 to study the relation (if any) between a measurement and/or reporting on a reference signal and a subsequent beam indication for beam management purposes

· Study the indicator(s) used for PDCCH and PDSCH 

· Study whether there is a relationship between the indicator types e.g. same type of indicator or different types




2
Discussion
2.1
Measurement State
During the past RAN1 meetings, the terminology of BPL (beam pair link) has been utilized in many RAN1 agreements. The BPL concept is quite intuitive and helps the discussion as it is understood as a state of beam arrangements at both transmitter and receiver, over which a measurement is performed. In addition, it provides means for maintaining multiple signal paths between gNB and UE for robustness as well as for increased scheduling flexibility in terms of “beam resources”. 
The characteristic of a BPL can be attached to any reported measurement by the UE, even if no beam training has been performed to the UE Rx beams. This is because the BPL is understood as characterizing a reported measurement which was computed with the best UE RX assumptions. 

The previous meeting proposal for a BPL definition was the following: 

	· BPL definition:
· A BPL is defined by a UE or gNB measurement (e.g. RSRP/CSI) on a reference signal (e.g. CSI-RS, SS, SRS) transmitted/received according to a TX/RX spatial filtering configuration 


Based on the above definition, an RSRP computed based on NR-SS block is characterizing a BPL, as the gNB is trusting the UE has used best UE RX spatial filtering when performing the RSRP measurement. Same is valid for CSI measurements, CSI-RS RSRP and RI/CQI/PMI are computed based on indicated CSI-RS resources and the UE is expected to use the best UE RX filtering. There is an example of more computations and less reporting, for example during P3 procedure active during a burst of transmitted CSI-RS, the UE may compute multiple RSRPs for each of the P3 occasions, yet only the best RSRP is reported, corresponding to the best UE Rx spatial filter. Such reported RSRP is labelled as BPL, the non-reported RSRPs are not characterizing BPLs. Since the RAN1 specification targets not to refer at term “beam”, one potential alternative is to refer at the BPL as a meansurement state which is associated with reported measurements.
Observation: A Measurement State (MS) is defined by a UE or gNB measurement (e.g. RSRP/CSI) on a reference signal (e.g. CSI-RS, SS, SRS) transmitted/received according to a TX/RX spatial filtering configuration.
The MS is to be used mainly along L1/L2 procedures. In other words, the main RS over which measurements characterized by MS is CSI-RS. Indexing of such CSI-RS can be done based on CRI (CSI-RS resource indicator) this functionality being used for selection and reporting of indices for N out of K NZP CSI-RS resources. There seem to be no need to introduce additional “beam indexing” as long as CRI can serve exactly this functionality.

Observation: CRI can serve the purpose of CSI-RS identification (beam identification).
Observation: A MS is having a CRI correspondent.
The main dilemma is how do we indicate/maintain such Measurement States in time? The issue is that the UE is performing measurements at time A, it is performing measurements at time B, while in between times A and B the actual transmission happens. The measurements performed at times A and B are done on CSI-RS while the transmissions between the times A and B are done on DMRS.
In RAN1#NR AH in Spokane we have agreed the following:

	· Indication of QCL between the antenna ports of two CSI-RS resources is supported.

· By default, no QCL should be assumed between antenna ports of two CSI-RS resources.

· Partial
QCL parameters (e.g., only spatial QCL parameter at UE side) should be considered. 

· For downlink, NR supports CSI-RS reception with and without beam-related indication,

· When beam-related indication is provided, information pertaining to UE-side beamforming/receiving procedure used for CSI-RS-based measurement can be indicated through QCL to UE

· QCL information includes spatial parameter(s) for UE side reception of CSI-RS ports 

· FFS: information other than QCL


The above agreement mentioned the QCL between two CSI-RS resources. Such indication is possible in multiple ways: 1. Linking two CSI-RS resources transmitted at two time instances, 2. Linking 2 CSI-RS resource transmitted at the same time. Such further details need to be further agreed. 

Observation: the QCL indication between two CSI-RS resources which can be transmitted at different or same time instances needs to be further agreed.

The beam related indication is also an open point to interpretation. Such CSI-RS indication may be for example from SSblock. It is agreed to use QCL for such information, but not to what quantity such QCL is linked. 

Observation: for beam related indication, it needs to be further agreed what is the reference in the QCL indication.

In order to understand better the CSI-RS measurements happening at times A and B, we need to look at the CSI-RS configuration. The UE is indicated via RRC signaling a CSI-RS configuration consisting of N reporting settings and M resource settings. The reporting setting is indicating that for example RSRP and/or CSI needs to be computed, the resource setting is indicating, among others, the CSI-RS resource set, with each S CSI-RS resource set(s) having KS CSI-RS resources. This can be understood as a pool of CSI-RS resources, out of which the UE would measure on KS CSI-RS resources (a CSI-RS pattern with a particular RE mapping and time-domain behavior). The pool of resources can be shared among UEs. When the UE is indicated with a particular KS CSI-RS resources, the reported RSRP/CSI is a Measurement State for this KS CSI-RS resources. Until the next measurement report is received for the same KS, the BPL stands valid in time. As noted above, the KS CSI-RS resources are drawn from a pool of S CSI-RS resource set(s). This means that in theory, the gNB can change the KS CSI-RS resources in time, for the same beam. However, such a change of the configured KS CSI-RS resources might not be really needed. If a change occurs in time, then the spatial QCL of the time-A KS CSI-RS resources need to be “transferred” (indicated) to the time-B KS CSI-RS resources.
The gNB could choose to allocated more CSI-RS resources in the two time occasions, to the same beam. For example in time-A it can use KS_1 CSI-RS resources (say a 2 CSI-RS pattern) while in time-B it can use KS_2 CSI-RS resources (say a 4 CSI-RS pattern). Both patterns may come from the same pool of KS CSI-RS resources. The time-A KS_1 CSI-RS resources have beam measured with an assumption of spatial QCL which needs now to be indicated to the UE. Such an indication may be one state from the spatial QCL types and it says that two CSI-RS configurations are spatially QCL-ed in time. However, it may more than this, beyond the initial scope of the QCL framework. This may be the case as indeed such time linkage needs to contain also the CSI-RS indexing, something which is not really necessary for the main QCL framework. The motivation for such a change of CSI-RS resource between two measurement instances is unclear. 
Observation: We do not see a need of changed for CSI-RS resource associated to a Measurement State, between two measurement instances. 

The LTE-based QCL framework is linking the channel characteristics of ports transmitted in the same time, in any case, there is no time dimension embedded. 
Observation: If same measurements RS configuration is used in time, the Measurement State definition assumption is sufficient indication to the UE.

Proposal: Capture the Measurement State definition in the specification as follows: 

The TX/RX spatial filtering configuration used in the transmission and reception of reference signal (CSI-RS, SS, SRS) are assumed to be the same between consecutive measurement time instances.
The above definition does not intend to restrict the use of different spatial filtering in the two time instances, but it does give the confidence that other signals such as DMRS are using the spatial filtering characteristics used in the previous measurement, measurement to which in fact the DMRS itself is linked via QCL. Indeed, from a different perspective, one may ask if the UE can change the receive beam (spatial filtering) in a transparent way, for reception. There are a few pros and cons on this aspect: each UE Rx beam is used for reporting measurements and ultimately each UE Rx beam is corresponding to a Tx-Rx spatial filtering pair which is attempted to be locked by a Measurement State. Mechanisms like power control are based on such measurement state and these would certainly change if the UE Rx beam changes.

2.2
Beam Indication for Downlink Physical Channels
Beam indication for NR-PDCCH and NR-PDSCH can be built around QCL framework, and more specifically using spatial QCL parameters. In beam indication, the essential purpose is to signal UE the QCL association between the reference signal corresponding to certain gNB beam and DMRS used for demodulation of the physical channel of interest. It is considered that DMRS for NR-PDCCH and NR-PDSCH can be QCL associated to both P1 and P2 beams. Let us consider that CSI-RS-X stands for Xth P2 beam resource the UE has measured and reported to gNB and CSI-RS-N stands for Nth P1 beam (resource) the UE has measured and reported to gNB. Moreover, for such P1/P2 procedures, the UE may utilize different UE beamforming spatial filters and such indication can be contained in the QCL information, as we detail in [2]. Overall procedure is exemplified Figure 1.
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Figure 1 Exemplary procedure to initialize and update QCL tables for NR-PDCCH and NR-PDSCH.
Based on above illustration, for beam indication, the spatial QCL tables for the downlink physical channels after both P1 and P2 CSI-RS based RSRP measurements may be defined as follows:

Table 1 Example of spatial QCL table for NR-PDCCH
	Index
	QCLed resource
	Time domain NR-PDCCH monitoring pattern
	Comment

	0
	CSI-RS-2
	Slots mod(slot_number, 5) == 0
	Secondary wider TX beam (P1) for NR-PDCCH (fallback) (TRP #A)

	1
	CSI-RS-B
	Slots mod(slot_number, 5) != 0
	Primary narrow TX beam (P2) for NR-PDCCH (TRP #A)


Table 2 Example of spatial QCL table for NR-PDSCH
	Index
	QCLed resource
	Comment

	0
	CSI-RS-2
	Secondary wider TX beam (P1) for NR-PDSCH (fallback) (TRP #A)

	1
	CSI-RS-B
	Narrow TX beam (P2) for NR-PDSCH (TRP #A)

	2
	CSI-RS-F
	Narrow TX beam (P2) for NR-PDSCH (TRP #B)


Then how the tables are configured for the UE. For configuring spatial QCL table for NR-PDCCH the following procedure is considered: 
· gNB configures UE with spatial QCL table via higher layer signalling (RRC) including the size of the table and time domain pattern which table entry to use for NR-PDCCH monitoring on certain occasions
· UE sends RSRP report on N CRIs where CRI refers to beam index in case of reporting RSRP on P1 beams and to CSI-RS resource in case of reporting RSRP on P2 beams
· gNB decides which CRIs would be spatially QCLed with NR-PDCCH DMRS and signals association for the UE. Signalling takes place via MAC-CE

For configuring spatial QCL table for NR-PDSCH the following procedure is considered:

· gNB configures UE with spatial QCL table via higher layer signalling (RRC) including the size of the table

· UE sends RSRP report on N CRIs where CRI refers to beam index in case of reporting RSRP on P1 beams and to CSI-RS resource in case of reporting RSRP on P2 beams

· gNB decides which CRIs would spatial QCLed with NR-PDSCH DMRS and signals association for the UE. Signalling takes place via MAC-CE
· When scheduling NR-PDSCH to the UE, the gNB signals index in DCI
In above example, it’s shown that different indicators for NR-PDCCH and NR-PDSCH are beneficial. It’s to be noted that the system support operating with the common indicator as well. E.g. in case the cell operates using the same beamwidth and the same set of beams for NR-PDCCH and NR-PDSCH, a single common indicator would be enough. 

Proposal: Support separate indicators for QCL association between RS and DMRS of NR-PDCCH and between RS and DMRS of NR-PDSCH.
3
Conclusions

In this contribution, we have provided views with respect to the BPL and the use of QCL information. The following observations and proposals are concluded:
Observations: 
· A Measurement State (MS) is defined by a UE or gNB measurement (e.g. RSRP/CSI) on a reference signal (e.g. CSI-RS, SS, SRS) transmitted/received according to a TX/RX spatial filtering configuration.
· CRI can serve the purpose of CSI-RS identification (beam identification).
· A MS is having a CRI correspondent.
· the QCL indication between two CSI-RS resources which can be transmitted at different or same time instances needs to be further agreed.

· for beam related indication, it needs to be further agreed what is the reference in the QCL indication.

· We do not see a need of changed for CSI-RS resource associated to a BPL, between two measurement instances. 

· If same measurements RS configuration is used in time, the BPL definition assumption is sufficient indication to the UE.

Proposal: capture the Measurement State definition in the specification as follows: 

· The TX/RX spatial filtering configuration used in the transmission and reception of reference signal (CSI-RS, SS, SRS) are assumed to be the same between consecutive measurement time instances.
Proposal: the association between DL and UL RS transmission is gNB implementation and does not need Proposal: Support separate indicators for QCL association between RS and DMRS of NR-PDCCH and between RS and DMRS of NR-PDSCH.
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