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Introduction
This paper summarizes the email discussion on:
[bookmark: _Discussion_about_ANR][100e-NR-unlic-InitSignalsChannels-03] Email discussion/approval the issue related to CSI-RS transmission in DRS by 2/28; if there is a spec impact, followed by endorsing the corresponding TP by 3/3– Jing (Qualcomm)
As guided by the chair, for the first phase of the email discussion till 2/28, we will focus on the discussion of the feature. We will finalize TP in the 2nd phase of the email discussion till 3/3.
1.1 Email discussion summary
During the email discussion, the following issues have been discussed 
· RRC overhead saving for P-CSI-RS configuration to satisfy OCB requirement and/or filling time gaps in DRS
· P-CSI-RS enhancement for RLM/RRM
· P-CSI-RS validation in DRS burst
Though we reached some mutual understanding, more discussions are needed to make progress. Some of the topics may belong to other agenda items as well and some joint discussion might be needed.
No further action is needed in RAN1 #100e.
Discussion on CSI-RS transmission in DRS
In the contributions to RAN1 #100e, we received a few proposals for CSI-RS transmission enhancements within (and outside) DRS. 
2.1	On multiple CSI-RS configuration in DRS
The following proposal is received from [6].
Proposal 1: NR-U shall support the following enhancement to CSI-RS as part of discovery burst: 
· UE assumes a CSI-RS resource has at least one transmission occasions in a discovery burst transmission window, wherein the slot index of the transmission occasion has the same value of ; 
· The initial condition for generating the CSI-RS sequence in a discovery burst transmission window is the same in at least one transmission occasions and according to 
.

The problem identified is, given current CSI-RS configuration, to support CSI-RS multiplexed in SSB, need to use multiple CSI-RS resource configurations to support same QCL CSI-RS at different locations in the DRS given different starting point of DRS transmission. 
The second proposal is to change the CSI-RS sequence scrambling to the same for all QCL’ed CSI-RS transmissions in DRS.
The FL would like to split the discussion into the following questions:
Q1. Do we need further enhancement to the QCL’ed CSI-RS configuration in DRS, or Rel.15 mechanism is enough?
Q2. If CSI-RS configuration enhancement is supported, do we support multiple locations in the DRS for one CSI-RS resource configuration (with Samsung’s proposal being one candidate)
Q3. If multiple locations in the DRS for one CSI-RS resource configuration, do we use common  for them?

	Company
	View

	Qualcomm
	Q1. Legacy CSI-RS configuration can handle configuring CSI-RS in DRS to satisfy OCB requirement and fill in the gaps between SSBs. However, we do agree with Samsung’s observation that a lot of configuration is needed, which implied unnecessarily large RRC overhead. Though it is an optimization, we agree the optimization is beneficially and the spec impact should be limited
Q2. Associating CSI-RS with Q seems to be a reasonable choice. For , may want to change to .
Q3. We don’t think the changing of scrambling from Rel.15 is necessary.

	Samsung 
	Q1: Using Rel-15 periodic CSI-RS for RRM measurement may cause a lot of configurations to be used by the network, which may not be efficient. Also, gNB needs to send all CSI-RS resources at those locations when configured multiple CSI-RS resources to maintain clear UE behaviour, which is not efficient as well. In this sense, enhancement to Rel-15 CSI-RS is needed, similar to LTE LAA. 
Q2:  occasions can correspond to single CSI-RS resource. Can further discuss how to deal with  .
Q3: Same CSI-RS sequence in multiple transmission occasions is beneficial for UE’s detection/measurement. 

	Spreadtrum
	Q1: CSI-RS configuration is flexible in R15 NR, so the enhancement can be limited but possible. 
Q2: If multiple CSI-RS are QCLed with QCLed SSBs (with the same SSB index), the multiple CSI-RS are also QCLed, with current R15 rules for QCL. As mentioned by Samsung and QC, if slot index should be involved for representing CSI-RS QCL relationship, the signalling overhead of CSI-RS configuration can be reduced. However, flexibility may be reduced, e.g. multiple CSI-RS in one slot, or 1 CSI-RS in multiple slots. 
On the other hand, if the tight relationship b/w SSB and CSI-RS is agreed, why there is no such tight relationship b/w SSB and Type0-PDCCH? As we know, in case of M=1 or 2 in the table, SSB and the associated Type0-PDCCH even have gap of several slots. To us, for a DRS unit, we do not image its shape. For such SSB and CSI-RS, it is like a slot, but for SSB and Type0-PDCCH, it is like two distant slots. It is our strong concern.  
Q3: If multiple CSI-RS with one configuration is accepted, the sequence can be the same for the multiple CSI-RS.

	Ericsson
	Q1: We do not believe that further enhancement of CSI-RS is needed to allow CSI-RS to be multiplexed with a discovery burst. While maybe not 100% optimal, it is already supportedby Rel-15 to configure multiple periodic CSI-RS resources within a discovery burst transmission (DBTX) window, each with a different slot offset, to account for unknown discovery burst location due to LBT. This does not mean that the UE is expected to receive the multiple resources. Indeed, if a semi-static TDD pattern is not configured (typical for NR-U), then the UE is not expected to receive the periodic CSI-RS unless it receives SFI in DCI 2_0 indicating that the set of symbols containing the CSI-RS resource are indicated as ‘D.’ 
Q2: No. Rel-15 mechanism described in Q1 is sufficient.
Q3: No. Generally, maximizing scrambling is preferable.

	LG Electronics
	Q1: We don’t see strong need to enhance Rel-15 mechanism.

	ZTE, Sanechips
	Q1: Considering the flexibility of CSI-RS configuration in Rel-15 NR, I think there seems to be no need for enhancement CSI-RS.
Q2: Same concern as Spreadtrum, so I don’t think it is necessary to enhance CSI-RS alone.
Q3: There is no need to change the generation method of Rel-15 CSI-RS.

	Nokia, NSB
	Q1: It is an optimization because gNB can configure CSI-RS in right slots and only those within DRS transmission will be transmitted.  cancellation of p-CSI-RS should have been discussed in DL signals but it is not 
Q2: Should the question be whether we want to introduce implicit QCL assumption based on slot where SSB and CSI-RS are present? 
Q3: could it be dependent on Q?

However, since this is not critical, should have been postponed to next meeting. Just to be fair to other optimizations risen this meeting.

	Sharp
	Q1: We don’t see it as essential. RRC supports sufficient number of CSI-RS resources.

	Huawei, HiSilicon
	Q1: The current CSI-RS design is flexible enough. 
Q2: It can be solved by configuring multiple CSI-RS resource in DRS window.



2.2	On CSI-RS QCL configuration
The following proposal is received from [4].
Proposal 3: For the CSI-RS outside DRS window, the associated SSB index should be the SSB index, for the CSI-RS inside DRS window, the associated SSB should be the candidate SSB index.

	Company
	View

	Qualcomm
	The proposal to associate CSI-RS QCL with a candidate SSB index in DRS seems to be based on an assumption that the UE will monitor CSI-RS conditioned on the QCL’ed SSB detection. In our understanding, this is not the case, so such change is not needed.  

	Samsung
	Clarification of this proposal seems needed. Feel like trying to achieve similar functionality as our proposal, but please clarify. 

	Spreadtrum
	It seems an issue of “candidate SSB index” vs. “SSB index”. In [R1-1913538], it said that RAN1 gained consensus that SSB-Index means SS/PBCH block index. The proposed associatedSSB has SSB-Index. We are not sure whether it is consensus. If it should be revisited, RAN2 may be better place. In our view. 
[image: ]
If CSI-RS for mobility bases timing on an SSB, which means they may have the same timing (average delay), i.e. they may be QCLed or share the same beam. Therefore, CSI-RS for mobility and the associated SSB may have the same SSB index.

	Ericsson
	Is this discussion point about how to provide the QCL source for a CSI-RS configuration in a TCI state? It seems that SS/PBCH Block Index = mod(s,Q) should be the correct interpretation in 38.331 for SSB-Index.

TCI-State ::=                       SEQUENCE {
    tci-StateId                         TCI-StateId,
    qcl-Type1                           QCL-Info,
    qcl-Type2                           QCL-Info                                                    OPTIONAL,   -- Need R
    ...
}

QCL-Info ::=                        SEQUENCE {
    cell                                ServCellIndex                                               OPTIONAL,   -- Need R
    bwp-Id                              BWP-Id                                                      OPTIONAL, -- Cond CSI-RS-Indicated
    referenceSignal                     CHOICE {
        csi-rs                              NZP-CSI-RS-ResourceId,
        ssb                                 SSB-Index
    },
    qcl-Type                            ENUMERATED {typeA, typeB, typeC, typeD},
    ...
}


	LG Electronics
	Regardless whether CSI-RS for RRM is inside or outside DRS, the associated SSB should be the SSB index, as we already agreed.

	ZTE, Sanechips
	In my understanding, SSB associated with CSI-RS for RRM should be the SSB index.

	Nokia, NSB
	Our understanding is the same, CSI-RS are associated with SSB-index, which depends on mod(s,Q) and from which the candidate SSB index can be derived. Not sure there is any spec impact here.

	Sharp
	SSB associated with CSI-RS is identified by the SS/PBCH block index, not the candidate SS/PBCH block index.

	OPPO
	@Qualcomm: In our understanding, if the UE is configured with associatedSSB, according to TS 38.331—c.f. ‘the UE is not required to monitor that CSI-RS resource if the UE cannot detect the SS/PBCH block indicated by this associatedSSB and cellId’—the UE should first detect the SSB before starting to monitor the CSI-RS.
@Samsung: agree with you that we are looking at the same issue. We are trying to give further clarification for other companies to have a better understanding on the issue and proposal.
@Ericsson: our proposal is for RRM and not about the TCI configuration. 

First of all, for the CSI-RS for RRM, it can be configured to be associated with a SSB (with a configured SSB index) in R15. This association is in CSI-RS-Resource-Mobility IE. In R15, once the association is configured, the UE needs to first detect the associated SSB before starting to monitor the CSI-RS. 
 In NRU, this associated SSB index is naturally becoming the SSB beam index. But we find that in some scenarios (not all scenarios), CSI-RS association with SSB beam index will cause some issues. We would like to bring up this issue to discuss with all the companies.

The issue is found in the following case: When CSI-RS resource is configured in a same slot with a SSB candidate for OCB requirement, to fulfill the OCB requirement, naturally each SSB candidate corresponds to one CSI-RS resource, as shown in the figure below. In this situation, the presence of a SSB candidate (e.g. SSB cand#X) decides the presence of a CSI-RS in its slot. However, if one CSI-RS resource is associated with SSB beam index, it changes to imply that the presence of the CSI-RS depends on the presence of any of the SSB candidates QCL’ed with the SSB beam index. In consequence, if the network manages to transmit any one SSB candidate (e.g. SSB cand#0) QCL’ed with the SSB beam index, the network has to transmit the CSI-RS in other SSB candidate slots (e.g. SSB cand#4, #8, #12) even though these SSB candidates are not transmitted. To address this issue in this scenario, we think that the CSI-RS is more reasonable to be associated with SSB candidate index. 

But in other scenario that the CSI-RS is not used for fulfilling OCB requirement, e.g. CSI-RS outside DRS window. We think that it is reasonable to configure the CSI-RS associated with SSB beam index. Thus, in our proposal, the network should have the flexibility to configure CSI-RS to be associated with either SSB candidate index or SSB beam index depending on different use cases.

. 



	Huawei, HiSilicon
	We did not see the motivation to differentiate the mechanisms inside and outside DRS window.



2.3	On CSI-RS transmission validation in DRS
The following proposal is received from [3].
Proposal 3: UE does not support blind detection of CSI-RS in DRS. How to let UE to know occurrence of CSI-RS in DRS should be discussed. 

	Company
	View

	Qualcomm
	Though we agree (also proposed) to have validation mechanism for P-CSI-RS transmission, we believe this is part of a general problem on how CSI-RS transmission is validated (in time domain), instead of a DRS only problem. The same solution should apply if a solution is agreed in agenda 7.2.2.1.2

	Samsung
	Maybe more background of this proposal is needed. We are not sure whether it refers to the same thing as our proposal for using CSI-RS sequence in multiple transmission occasions. 

	Spreadtrum
	Since CSI-RS multiplexing in DRS was just agreed in the last meeting, we even do not know how to configure a CSI-RS in DRS. In R15, CSI-RS can be configured in any slot. So, do we have in mind that: If a CSI-RS is configured to share the same slot with two candidate SSBs, then the CSI-RS is in the DRS? That is our first question what does “CSI-RS in DRS” mean? If companies want “CSI-RS in DRS” like LAA staff, then it is better “Type0-PDCCH” in DRS is also like LAA staff, i.e. all in one slot. 
Secondly, as response to QC, CSI-RS presence was widely discussed in 7.2.2.1.2. In 7.2.2.1.2, it is general view that if CSI-RS is in valid COT, the CSI-RS is present. But for standalone DRS (LBT cat-2), there are no DCI format 2-0 to indicate the COT structure. So, it could be discussed. One straightforward way is using associatedSSB like CSI-RS for mobility, but we care more about CSI-RS for CSI acquisition, which has no such IE. The second way is using QCL indicated by TCI. But we are not sure QCL relationship b/w SSB and CSI-RS for CSI acquisition means presence of the CSI-RS based on QCLed SSB.  The third way is to imply SSB and CSI-RS in a slot are QCLed, which may be align to Samsung’s proposal. But again we are not sure QCL relationship b/w SSB and CSI-RS for CSI acquisition means presence of the CSI-RS based on the QCLed SSB. 
For CSI-RS for mobility, we suspect associatedSSB is workable, because CSI-RS presence based on the associated SSB is written in 38.331. We are not sure optimization of signalling overhead is critical or nice to have? 

	Ericsson
	It is not clear that an enhancement compared to Rel-15 is needed. Copying part of our response to Issue 2.1:
Indeed, if a semi-static TDD pattern is not configured (typical for NR-U), then the UE is not expected to receive the periodic CSI-RS unless it receives SFI in DCI 2_0 indicating that the set of symbols containing the CSI-RS resource are indicated as ‘D.’ 

	LG Electronics
	Agree with Qualcomm’s view. How UE validates presence/absence of CSI-RS should be commonly discussed for all types of CSI-RS.

	ZTE, Sanechips
	In WI phase, we only discussed and agreed that CSI-RS can be a part of discovery burst, but we did not discuss on what it does (e.g, for mobility, or CSI measurement and so on) and no conclusion. So we suggest it will be discussed after the above characteristics are clear. Otherwise, we suggest keeping the current spec.

	Nokia, NSB
	Should have been discussed in DL signals AI, but is not. So I believe for this proposal is better to come back next meeting.

	Sharp
	Agree with Qualcomm view.

	OPPO
	We acknowledge the issue, and we think that at least for CSI-RS RRM, our proposal to Q2.2 can be useful to address this issue.

	Huawei, HiSilicon
	The issue is also valid for CSI-RS outside of DRS window. They should be discussed together if they are going to be discussed. 
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ssb - Index  The IE  SSB - Index  identifies an SS - Block within an SS - Burst. See TS 38.213 [13], clause 4.1.  When the corresponding  specification for NR - U is  developed, the terminology  for indexi ng SS/PBCH  block should use  “SS/PBCH block index”.  This intepretation  applies to all the  occasions   where  the corresponding  RRC parameter  show up.     
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