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1 Introduction

In last RAN2 meeting, the following agreements regarding RLM were reached [1].
	Agreements

1．RLF detection will be specified for NR in the RRC spec (as in LTE)

2．For Dec 17, RLF will be based on the periodic IS/OOS indications from L1 (i.e. this is same frame work as LTE)


At the same time, RAN1 also discussed the RLM issues, and following agreements were reached [2].

	Agreements:

1. The IS/OOS threshold pair index to be used by a UE is explicitly indicated by RRC

a) IS/OOS threshold pair index corresponds to a specific IS/OOS threshold pair (to be defined by RAN4)

b) FFS on default IS/OOS threshold pair index
Agreements:

2. At least single-port CSI-RS resources, following the same design already agreed for BM, can be used for RLM 

a) FFS configuration details, especially w.r.t. interaction with those configured for BM

Agreements:

3. Discuss further offline on the maximum # of indicated CSI-RS resources & SS blocks to be used for RLM 

4. In case of SS/PBCH block based RLM, the RLM-RS resources are UE-specifically RRC configured, where among L SS Blocks for a given frequency band, each SS block to be used for RLM can be individually indicated

a) FFS signalling details (e.g., via bitmap, via SS block index)

b) Note: this depends on the max # of SS blocks for RLM

Agreements:

5. RLM-RS based on CSI-RS can be separately configured from CSI-RS for BM.

6. Framework for signaling CSI-RS for RLM would use the same signaling framework for signaling CSI-RS for BM.

a) FFS: additional updates of CSI-RS for RLM based on updates of CSI-RS in BM

b) Note: Network can choose to re-use of some or all of CSI-RS resources for BM for CSI-RS for RLM.

Agreements:

7. NR supports configuration of at most X number of RLM-RS (CSI-RS and/or SSB) resources for a UE

8. final value of X to be determined in the next meeting and (X <= [8])

a) Note: in the deployment scenario where BM is needed, the BM processing and reporting are a pre-requisite for the network to select up to X RLM-RSs.

b) FFS: whether to have different number for sub 6 and above 6 GHz




Besides, there were also some email discussion regarding the left issues for RLM after the meeting, and the following proposed agreements were reached and some remaining issues were proposed to be discussed in RAN1 meeting.
	Proposed agreement 1:

· Include the following IS/OOS threshold pair indication in RRC parameter list
 Parameter name in text

Description

Value range

Default value

UE/Cell Specific

IS/OOS threshold pair indication

Index corresponds to one of the two IS/OOS threshold pair for RLM.

{0, 1}

0*

UE-specific

*Note that default value of ‘0’ for IS/OOS threshold pair indication corresponds to the LTE-like IS/OOS threshold of 2% and 10% BLER, which is subject to RAN4 verification of applicability to NR PDCCH and NR PDSCH.

Proposed agreement 2:

· There is no need to separately capture “number of configured RLM-RS” in the RRC parameter list.

o   Note that this is with the understanding number of configured RLM-RS will be part of the RLM-RS configuration.

 

Proposed agreement 3:

· Delete the controversial RRC parameter row “RLM-RS-type” for now

· Continue discussion on RLM-RS type issue in RAN1 #91

Continue discussion in RAN1 #91 on the following aspects:

o   Capability signaling for supporting different maximum number of configured RLM-RS

o   UE monitoring a sub-set of the configured RLM-RS

o   Relationship between maximum number of configured RLM-RSs and evaluation period of IS and OOS

o   Frequency band dependent maximum number of configured RLM-RS


In this contribution, we discuss the detailed issues related to RAN2, and provide our proposals correspondingly.   
2 Discussion

Based on RAN1 agreements, the IS/OOS threshold pair indication will be introduced in RRC parameter list. The motivation for introducing two different IS/OOS threshold is to support different service, i.e. one is data service, the other is voice service. When there is different service running on the UE, different IS/OOS threshold may be needed. Therefore, we need to indicate the IS/OOS threshold pair index in RRC message, and different index corresponds to the threshold defined in RAN4 specification. However, RAN1 has also discussed the default value of the IS/OOS threshold pair index, and the default value of ‘0’ for IS/OOS threshold pair indication corresponds to the LTE-like IS/OOS threshold of 2% and 10% BLER is proposed to be agreed in this meeting. No matter which index is selected as the default value, there is no need for RAN2 to capture this in RRC specification, since if no IS/OOS threshold pair indication is provided in RRC message, it means the default value is configured, as in LTE. 
Proposal 1: Based on RAN1 agreements, the IS/OOS threshold pair indication should be captured in RRC while the default value could be supported by absence of the indication.

Besides, in future, there may be more service type which required to be considered regarding the IS/OOS threshold, therefore, the RRC signaling design should be future-proof.
Proposal 2: Considering there might be more service type to be considered regarding the IS/OOS threshold, the RRC signaling design should be future-proof.
Regarding the SS/PBCH block based RLM-RS, the resources could be configured per UE. It means, different UE may be configured with different SSB to perform the RLM based on configurations. Regarding how to indicate the SSB for RLM, there are several options on the table:

Option 1: SSB index based indication. With this method, one SSB index needs 2bits for sub-3GHz, and 3 bits for 3GHz-6GHz and 6bits for above-6GHz, and a list of SSB index will be used to indicate which beam is selected for RLM and the scalability of this option may be better, but large overhead will be introduced. The option is indicated as Figure 1.
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Figure 1. Indication of Option 1.

Option 2: Bitmap based indication. With this method, network can indicate a bitmap which is corresponding to all SSB defined in specification, and indicate 1 for those used for RLM for the UE, and 0 for others. Besides, since there will always be 8 bit for sub-6GHz and 8+8 bits (Working Assumption) for above 6GHz currently defined corresponds to all SSB, and the overhead could be large if not all SSBs are supported in the cell, therefore, we could shorten the SSB bitmap used for RLM on top of the bitmap of the SSB supported in the cell indicated in system information as indicated in Figure 2.
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Figure 2. Indication of Option 2.
Proposal 3: It’s proposed to discuss the issue and select option 2 as the candidate solution.
Regarding the CSI-RS based RLM-RS, the resources which could be different from the ones configured for BM will also be configured per UE. Based on RAN1 agreements, it could be a subset of the CSI-RS resources for RRM or different CSI-RS resources separately configured. However, RAN1 also indicated that network can choose to re-use some or all of CSI-RS resources for BM for CSI-RS for RLM. Therefore,

Proposal 4: It’s proposed to capture the CSI-RS based RLM-RS resource configuration separately from CSI-RS for BM, and one bitmap based indication could be used to inform that network choose to re-use the CSI-RS resources for BM for RLM.
3 Conclusions:

In this contribution, we discuss the detailed issues for RLM, and provide the proposals as follows:

Proposal 1: Based on RAN1 agreements, the IS/OOS threshold pair indication should be captured in RRC while the default value could be supported by absence of the indication.

Proposal 2: Considering there might be more service type to be considered regarding the IS/OOS threshold, the RRC signaling design should be future-proof.
Proposal 3: It’s proposed to discuss the issue and make the decision on which option is selected.
Proposal 4: It’s proposed to capture the CSI-RS based RLM-RS resource configuration separately from CSI-RS for RRM, and one bitmap based indication could be used to inform that network choose to re-use the CSI-RS resources for RRM for RLM.
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