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1 Introduction
RLM is an important function in RRM, and RAN4 has been discussing RLM related requirements for several meetings. In RAN4-NR-AH#3, a WF [1] was agreed which listed some open issues for further discussion. Basically, the RLM requirements for NR would look similar as those for LTE, but since some new features in RLM are introduced by RAN1, corresponding requirements have to be defined in 38.133, e.g. the two pairs of BLER levels, monitoring of multiple RLM-RS, new PDCCH parameters, etc. Due to limited time, there was no agreement in RAN4#84bis. Based on email discussions before RAN4#85, the framework of RLM requirements are captured in the latest version of 38.133 [2].
One open issue for RLM is the PDCCH parameters, which are used for Qout and Qin calculation. New PDCCH parameters introduced for NR PDCCH need to be carefully analysed, in order to identify those need to be included for Qout/Qin evaluation and their corresponding value setting.
In this paper, we will provide our views on PDCCH parameters for NR RLM.

2 Discussion 
Hypothetical PDCCH parameters are used by UE to calculate Qin/Qout levels. In LTE two sets of values are specified for PDCCH in 36.133. For NR, it was agreed in [1] that

	· Hypothetical PDCCH transmission parameters
· It will be decided by RAN4 based on typical scheduling parameters for IN/OOS conditions, after RAN1 finalizes the PDCCH design. 

· Parameters at least include DCI format, aggregation level, power boost. Other parameters are not precluded.


It is in general very hard to fix all values for PDCCH parameters without simulations. For example, the Qin/Qout levels need to both in reasonable range. In LTE, as reflected in test cases in 36.133, Qout is -11.5dB in AWGN and -8.5dB in ETU70, and Qin is 3.9dB in ETU70. However, currently it is not known if NR PDCCH with some typical can work at similar levels with typical scheduling parameters. In addition, two pairs of BLER thresholds are introduced, and clearly the second pair (in [1] the first pair for eMBB was agreed in bracket) for VoIP has to be decided together with corresponding PDCCH parameters. 
As this meeting is the last meeting for NR NSA completion and RAN4 has no time to run simulation for PDCCH performance, it is suggested that all PDCCH parameters and BLER thresholds are defined in bracket. RAN4 can re-visit if the values are reasonable during performance part when test cases for RLM are defined.  

Proposal 1: All PDCCH parameters are defined in bracket and to be verified in performance part.

Next we will go through all PDCCH parameters that would impact the Qin/Qout, and discuss the values settings considering Qin/Qout and two pairs of BLER thresholds.
· DCI format

Unlike LTE, NR PDCCH does not support different DCI formats, but instead the payload size can be variable. Based on current RAN1 discussion, the payload size for a normal DCI is in the range of 80 to 95 bits including CRC. There is also so called fallback DCI with payload size of 66 bits including CRC. 

In our view, for eMBB service, Qout should be based on fallback payload size, i.e. 66 bits, while Qin could be based on the mid value of the normal payload size, i.e. 88 bits. For VoIP service, as the scheduling information is anyway limited and coverage is critical, a small payload size as in fallback DCI should be assumed, i.e. 66 bits for both Qout and Qin.

· Aggregation level 

Similar as in LTE, we think 8 can be used for Qout and 4 for Qin, for both eMBB and VoIP. This should help to give enough gap between Qout and Qin.
· Power ratio of PDCCH RE and RLM-RS RE

PDCCH power boosting is used in LTE for Qout in order to improve the coverage. For NR, as a starting point, we think we can use 0dB ratio. If later on it is found Qin/Qout has some issues, this can be considered as a tool for adjustment. 

· BW
In LTE, PDCCH is always transmitted over full cell BW, so it is natural that UE assumes full cell BW for hypothetical PDCCH in RLM. In NR, however, the BW of the PDCCH can be configured by the network. In particular, a CORESET, to which PDCCH transmission is confined, will be configured for an active BWP, and the BW of a BWP can range from 24 to 275 PRBs. The actual PDCCH BW in UE active BWP can be any value between 24 and 275 PRBs based on configuration, so it is a problem which BW should be assumed by UE for the hypothetical PDCCH in RLM.

In our view, UE should assume the BW of the hypothetical PDCCH to be same as BW of the CORESET in UE active BWP. This way the resulted Qin/Qout can best reflect the working points for the actual PDCCH, which makes the RLM meaningful. 

· Frequency position (relative to RLM SSB)
This was mentioned by some companies in RAN4#84bis. The consideration was that with large separation between the RLM SSB and hypothetical PDCCH, the RLM SSB may not well represent the performance of the PDCCH. Although we agree with the concern, we think as a starting point we should assume the RLM SSB is within the BWP of actual CORESET, which is the typical network configuration. Therefore, we suggest to not consider this parameter for Qin/Qout evaluation. 
· SCS

In LTE, there is only one SCS, so SCS is not a problem at all. In NR, however, the SCS of the CORESET in the UE active BWP can be configurable, from 15/30/60kHz for FR1 and from 60/120kz for FR2. As SCS will impact PDCCH performance, it is a problem which SCS should be assumed by UE for the hypothetical PDCCH in RLM.
Similar as for BW, in our view, UE should assume the SCS of the hypothetical PDCCH to be same as the SCS of the CORESET in UE active BWP. This way the resulted Qin/Qout can best reflect the working points for the actual PDCCH, which makes the RLM meaningful.
· Number of OFDM symbols

Same as in LTE, we think the number of OFDM symbols for PDCCH should be dependent on BW. In our view, the number of symbols should be assumed to be the minimum number that can accommodate the concerned aggregation level. Our suggestion is that for PDCCH BW within [24,48] PRBs, 2 symbols are assumed, and for PDCCH BW > 48 PRBs, 1 symbol is assumed.  
· DMRS

One issue for DMRS is the QCL assumption with respect to RLM-RS. This was discussed over RAN4 reflector, since there are two UE assumptions from RAN1 different meetings. In our view, however, this assumption will not impact UE behaviour, since UE will anyway measure the SINR from RLM-RS, and compare it against the Qin/Qout levels derived from hypothetical PDCCH. Therefore, we suggest not to capture this assumption in 38.133.
Another issue with DMRS is whether it is narrow band (DMRS only transmitted in PDCCH PRBs) or wideband (PDCCH transmitted in CORESET). As network could configure either, from RLM point of view the worst case should be assumed, i.e. narrow band. 

· REG bundle size
We suggest the REG bundle size is 6, so to enable good channel estimation.

· Mapping from REG to CCE

We suggest to use distributed mapping.

Our suggestions can be summarized below.

Proposal 2: PDCCH parameters for RLM are defined as in Table 1 for OOS and Table 2 for IS.

Table 1: PDCCH transmission parameters for out-of-sync

	Attribute
	Value for BLER pair#0
	Value for BLER pair#1

	DCI payload size 
	66
	Same as for pair#0

	Number of control OFDM symbols
	2, if PDCCH BW is within [24,48] PRBs

1, if PDCCH BW is largere than 48 PRBs
	

	Aggregation level (CCE)
	8
	

	Ratio of PDCCH RE energy to average RS RE energy
	0dB
	

	Bandwidth (MHz)
	Same as BW of the CORESET in UE active BWP
	

	Sub-carrier spacing (kHz)
	Same as the SCS of the CORESET in UE active BWP
	

	DMRS
	Narrow band 
	

	REG bundle size
	6
	

	Mapping from REG to CCE
	Distributed
	

	Note 1:


Table 2: PDCCH transmission parameters for in-sync
	Attribute
	Value for BLER pair#0
	Value for BLER pair#1

	DCI payload size 
	88
	66

	Number of control OFDM symbols
	2, if PDCCH BW is within [24,48] PRBs

1, if PDCCH BW is largere than 48 PRBs
	Same as for pair#0

	Aggregation level (CCE)
	4
	

	Ratio of PDCCH RE energy to average RS RE energy
	0dB
	

	Bandwidth (MHz)
	Same as BW of the CORESET in UE active BWP
	

	Sub-carrier spacing (kHz)
	Same as the SCS of the CORESET in UE active BWP
	

	DMRS
	Narrow band 
	

	REG bundle size
	6
	

	Mapping from REG to CCE
	Distributed
	

	Note 1:


Finally, the second pair of BLER thresholds for VoIP service needs to be decided. So far, there has not been technical evaluation in RAN4. Agreeing on an arbitrary number could mean a change in later phase is likely to happen. Therefore, we would suggest to leave the exact numbers TBD until the performance part.
Proposal 3: Leave the second pair of BLER thresholds for VoIP service as TBD for Dec version.

3 Conclusions 

In this paper, we provided our views on PDCCH parameters for NR RLM.

Proposal 1: All PDCCH parameters are defined in bracket and to be verified in performance part.
Proposal 2: PDCCH parameters for RLM are defined as in Table 1 for OOS and Table 2 for IS.

Table 1: PDCCH transmission parameters for out-of-sync

	Attribute
	Value for BLER pair#0
	Value for BLER pair#1

	DCI payload size 
	66
	Same as for pair#0

	Number of control OFDM symbols
	2, if PDCCH BW is within [24,48] PRBs

1, if PDCCH BW is largere than 48 PRBs
	

	Aggregation level (CCE)
	8
	

	Ratio of PDCCH RE energy to average RS RE energy
	0dB
	

	Bandwidth (MHz)
	Same as BW of the CORESET in UE active BWP
	

	Sub-carrier spacing (kHz)
	Same as the SCS of the CORESET in UE active BWP
	

	DMRS
	Narrow band 
	

	REG bundle size
	6
	

	Mapping from REG to CCE
	Distributed
	

	Note 1:


Table 2: PDCCH transmission parameters for in-sync

	Attribute
	Value for BLER pair#0
	Value for BLER pair#1

	DCI payload size 
	88
	66

	Number of control OFDM symbols
	2, if PDCCH BW is within [24,48] PRBs

1, if PDCCH BW is largere than 48 PRBs
	Same as for pair#0

	Aggregation level (CCE)
	4
	

	Ratio of PDCCH RE energy to average RS RE energy
	0dB
	

	Bandwidth (MHz)
	Same as BW of the CORESET in UE active BWP
	

	Sub-carrier spacing (kHz)
	Same as the SCS of the CORESET in UE active BWP
	

	DMRS
	Narrow band 
	

	REG bundle size
	6
	

	Mapping from REG to CCE
	Distributed
	

	Note 1:


Proposal 3: Leave the second pair of BLER thresholds for VoIP service as TBD for Dec version.
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