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Introduction
[bookmark: _In-sequence_SDU_delivery]With respect to DL QCL definitions, there were a few open issues and agreements from recent meetings meeting:

Agreement 1:
· Support DMRS ports grouping, and DMRS ports within one group are QCL-ed, and DMRS ports in different groups are non-QCLed.
· FFS the grouping principle, e.g. grouping DMRS according to CWs, analog beams, etc.
· FFS the signalling method of QCL indication, e.g., RRC, MAC CE, DCI, etc.
· Study RS for performing estimation of large scale properties of channel (E.g., Doppler shift/Doppler spread/delay spread)
· QCL supports following functionalities
· Beam management functionality: at least including spatial parameters
· Frequency/timing offset estimation functionality: at least including Doppler/delay parameters
· RRM management functionality: at least including average gain
· Others are not precluded
Agreement 2:
· Indication of QCL assumption associated with subset of QCL parameters between the antenna ports of two RS resources is supported based on following alternatives, and RAN1 will down select it
· Alt. 1: Which of the subset of QCL parameters are configured by gNB
· Alt. 2: Which of QCL type is configured by gNB where multiple QCL types are pre-defined
· Alt. 3: QCL types are pre-defined
Agreement 3:
· By default (i.e., the UE is not indicated), antenna port(s) transmitted on different CCs can’t be assumed to be QCL-ed 
· FFS the case of spatial domain QCL assumptions especially related to carrier frequency
Agreement 4:
· FFS indication of QCL assumption for CSI-RS to be associated with an SS block (e.g., SSS, PBCH DMRS (if defined)) and/or RS for fine time-frequency tracking (if it’s not CSI-RS)
· FFS: w.r.t. which QCL parameter(s)


.
[bookmark: _Ref178064866]Open issues from previous meeting on DL QCL
[bookmark: _Toc477965470][bookmark: _Toc477971787][bookmark: _Toc478137893][bookmark: _Toc478140197]The open issues with respect to agreement 1 is the grouping principle for DMRS. First of all, if the UE is scheduled more than one PDSCH in a slot, this is the typical multi-TRP case using e.g. non coherent JT and then the DMRS in the first and second PDSCH should not be QCL.

[bookmark: _Toc477965471][bookmark: _Toc477971788][bookmark: _Toc478137894][bookmark: _Toc478140198]DMRS belonging to different PDSCH scheduling in the same slot are by default not QCL hence the DMRS in one PDSCH is the first group and DMRS in the other PDSCH is the second group
[bookmark: _Toc477965472][bookmark: _Toc477971789][bookmark: _Toc478137895][bookmark: _Toc478140199]It can be further considered if there are scenarios where DMRS across PDSCH may be configured by higher layers to be QCL but the proposal above would be sufficient as the default assumption.
[bookmark: _Toc477965473][bookmark: _Toc477971790][bookmark: _Toc478137896][bookmark: _Toc478140200]When it comes to non-QCL DMRS groups within a single PDSCH, the intended use case would be the multi-TRP transmission for the general QCL parameter case or the multi-beam transmission from a single TRP for the spatial QCL case. The latter then holds for UEs with analog beamforming (due to the use of spatial QCL) which have the capability to receive more than one beam at the same time. Hence, this is related to the sets vs group feedback discussion and our suggestion is to postpone the discussion on non-QCL DMRS within a single PDSCH until the CSI feedback for multi-panel has settled. As the baseline, one can always use the dual PDSCH scheduling for this case as well, so benefits vs overhead should be compared against this baseline.  
[bookmark: _Toc477965474][bookmark: _Toc477971791][bookmark: _Toc478137897][bookmark: _Toc478140201]Postpone the discussion on non-QCL DMRS within one PDSCH after CSI feedback discussion (groups vs sets) has settled
[bookmark: _Toc477965475][bookmark: _Toc477971792][bookmark: _Toc478137898][bookmark: _Toc478140202]Agreement 2 is confusing since there is no definition of “QCL type” and how a QCL type is defined relative to a QCL parameter. Further clarification is needed before down selection can be made among the alternatives.
[bookmark: _Toc477965476][bookmark: _Toc477971793][bookmark: _Toc478137899][bookmark: _Toc478140203]RAN1 should define the term “QCL type” in the agreement from RAN1#88
[bookmark: _Toc477965477][bookmark: _Toc477971794][bookmark: _Toc478137900][bookmark: _Toc478140204]Related to agreement 3, it is important for gNB implementation of very wide bandwidths compared to LTE to have the possibility to use independent calibration circuits, clocks and oscillators per CC. Therefore propose that it should be possible to operate beam management procedures and thus spatial QCL per carrier, independently.. 
[bookmark: _Toc477965478][bookmark: _Toc477971795][bookmark: _Toc478137901][bookmark: _Toc478140205]Beam management and thus sQCL assumptions should be possible to operate independently per component carrier. 
[bookmark: _Toc477965479][bookmark: _Toc477971796][bookmark: _Toc478137902][bookmark: _Toc478140206]Regarding agreement 4, which actually is a FFS, we elaborate in more detail in the next section. 
New issues related to DL QCL
QCL between SS block, RAR and PDCCH DMRS
One new issue that partly was discussed related to agreement 4 is how are the QCL assumptions for the SS blocks taken into account. The discussion in this section will focus on spatial QCL, to aid the beam management for mm-wave operation, while there is a more general QCL discussion needed for other QCL parameters such as average delay, average gain and Doppler etc and whether to link CSI-RS to the RS(s) used for fine channel tracking using QCL. Since there is a parallel discussion on the RS to use for fine time/frequency tracking, our intention is to progress a bit more on that topic (e.g. to define the RSs) before we discuss non-spatial QCL parameters.
The UE will detect an SS block which may have sector coverage (in case of a single SS block per TRP) or rather wide beam width (in case of a few SS blocks per TRP). Which SS block the UE has detected is known through the initial access procedure, i.e. related to the used PRACH preamble resource. We don’t expect the SS block beams to be very narrow in beam width at least not in the normal case, since it has problems with e.g. overhead (although a large number of SS blocks may be allowed in specs to support extreme coverage cases where overhead is not the largest concern). 
Our proposal is to use a self-contained random access response (RAR) and the RAR may be spatially QCL at the UE with the detected SS block if indicated in the PBCH, see [5] for details. 
[bookmark: _GoBack]It is reasonable to transmit inital PDCCH by default in the same beam as the detected RAR and thus also the SS block, if indicated by PBCH. The default PDCCH allows the gNB to configure the UE with e.g. CSI-RS for beam management..  
[bookmark: _Toc477971797][bookmark: _Toc478137903][bookmark: _Toc478140207]The UE may assume by default that the PDCCH DMRS is spatial QCL with the detected SS block if indicated in the broadcasted PBCH
It can be further discussed whether this default spatial QCL could be overridden by UE specific and dedicated RRC signalling, but we believe that the default assumption is necessary. 
For PDSCH and possibly also PDCCH on the other hand, narrowest possible beams will be used and those beams are selected and managed by beam management using dedicated CSI-RS measurements.  Hence, in this case, the PDCCH and PDSCH can be configured to be spatially QCL with the CSI-RS resource indicated in the beam management procedure (beam indication). Depending on the channel to receive, the UE may utilize different spatial QCL assumptions, for example PDCCH with the detected and preferred SS block (SS-QCL) an PDCCH with a configured CSI-RS (CSI-RS-QCL). 
QCL between CSI-RS resources
In RAN1#Ad-hoc, it was agreed to support indication of QCL between the antenna ports of two CSI-RS resources. An open issue is the dynamics of this indication. We agree in principle with the view in [4] to support the dynamic indication of gNB and UE side partial QCL assumptions between the CSI-RS beam sweeps P1 and P2/P3. Whether it should be downlink grant or uplink grant can be further discussed. Hence, when triggering an aperiodic CSI-RS beam sweep and associated aperiodic CSI report containing CRI the triggering DCI may contain a reference to a previously transmitted CSI-RS resource so that the UE may utilize this information to tune its RX beam. 
Moreover, we propose to use a proxy, the beam pair link (BPL) identity when referring to a previous CSI-RS resource. Hence, when triggering a P2/P3, then a BPL index is included in the triggering DCI and that BPL is in turn linked to a certain CSI-RS resource that the UE has measured and reported on at a previous point in time. 

[bookmark: _Toc477971798][bookmark: _Toc478137904][bookmark: _Toc478140208]Support the dynamic indication in DCI of  spatial QCL assumptions between CSI-RS resources when triggering a CSI-RS measurement for beam management.  

Conclusions
Based on the discussion in this contribution we propose the following:
.
Proposal 1	DMRS belonging to different PDSCH scheduling in the same slot are by default not QCL hence the DMRS in one PDSCH is the first group and DMRS in the other PDSCH is the second group
Proposal 2	Postpone the discussion on non-QCL DMRS within one PDSCH after CSI feedback discussion (groups vs sets) has settled
Proposal 3	RAN1 should define the term “QCL type” in the agreement from RAN1#88
Proposal 4	Beam management and thus sQCL assumptions should be possible to operate independently per component carrier.
Proposal 5	The UE may assume by default that the PDCCH DMRS is spatial QCL with the detected SS block if indicated in the broadcasted PBCH
Proposal 6	Support the dynamic indication in DCI of  spatial QCL assumptions between CSI-RS resources when triggering a CSI-RS measurement for beam management.
 References
[1] R1-1610520, “WF on the QCL for NR” , Intel, LGE, Ericsson, NTT DOCOMO, Samsung
[2] R1-1610513,”Way Forward on QCL for NR”, ZTE Corporation, ZTE Microelectronics, Qualcomm
[3] R1-1700852, “Introducing port coherency regions”, Ericsson
[4] R1-1703184, “On QCL Framework and Configurations in NR”, Nokia, ALU, ALU-SB
[5] R1-1706015,” NR four-step random access procedure”, Ericsson
	3/4	
