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1. Introduction
At RAN 92 meeting the revised WI “Support of reduced capability NR devices” [1] was approved. At RAN1 106bis-e meeting one LS [2] was sent to RAN2/4. In this contribution we discuss issues/questions related to this LS. The main content of the LS is copied below for reference
	· For FR1, following options:
· Option 1:

· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0),

· RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.

· For an RRC-configured active DL BWP (if it does not include CD-SSB and the entire CORESET#0),

· RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.

· Option 2:

· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0),

· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.

· FFS: For BWP#0 configuration option 1, whether the UE can expect SSB transmission in the separate initial DL BWP when it is used in connected mode.

· If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB.

· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0),

· RedCap UE expects it to contain NCD-SSB for serving cell [FFS: or CSI-RS or measurement gap configuration] but not CORESET#0/SIB.

· Note: if a separate initial/RRC configured DL BWP is configured to contain the entire CORESET#0, CD-SSB is expected by RedCap UE.

· Note: The network may choose to configure SSB or MIB-configured CORESET#0 or SIB1 to be within the respective DL BWP.

· FFS: For Option 1 and Option 2, whether RedCap UE can/cannot expect SSB under certain other conditions, e.g., for SSB monitoring periodicity (i.e., SMTC configuration) and DRX cycle

· FFS: Whether additional mechanism for SI update or how SI update notifications and/or SI updates are signaled to RedCap UEs

· FFS: FR2 case


RAN1 respectfully requests RAN2 and RAN4 to provide feedback about the use of NCD-SSB instead of CD-SSB in terms of functionality feasibility, performance/coexistence, and specification/implementation impacts (when applicable) for idle/inactive/connected mode procedures for serving and non-serving cells for a Rel-17 RedCap UE operating with an initial or non-initial DL BWP not containing CD-SSB. Specifically, RAN1 would like RAN2/RAN4 to respond to the following questions before the RAN1#107-e meeting:
1) [RAN2/4] whether it is feasible to use NCD-SSB for serving and non-serving cell measurements for idle, inactive, and/or connected mode for all or some of RRM, RLM, BFD, link recovery, RO selection, mobility, time/frequency tracking and AGC

2) [RAN2/4] whether it is feasible to use NCD-SSB as QCL source of other DL channels/signals and as spatial relation (for UL channels/signals) transmitted in idle, inactive, and/or connected mode in the initial/non-initial DL BWP of RedCap UE

3) [RAN2] whether/when the PCIs indicated by the NCD-SSB and CD-SSB can be the same/different, if both NCD-SSB and CD-SSB are transmitted on the serving cell of RedCap UE

4) [RAN2/4] whether/when periodicities and/or TX power and/or block indexes (provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon) and/or QCL sources of NCD-SSB can be same/different from those of CD-SSB, if both NCD-SSB and CD-SSB are transmitted on the serving cell of RedCap UE

5) [RAN2/4] whether it is necessary to introduce configuration limitations for NCD-SSB (e.g., regarding frequency locations, periodicity), e.g., to ensure coexistence with legacy UEs

6) [RAN2/4] if CD-SSB is not transmitted in the non-initial DL BWP of RedCap UE, whether it is feasible to transmit periodic CSI-RS for UE to use as an alternative of SSB in the non-initial BWP of RedCap UE or rely on UE performing RF retuning as in measurement gap outside active BWP for BWP without SSB nor CORESET#0 operation

7) [RAN2/4] whether it is feasible for a RedCap UE to retune to a CD-SSB rather than use an NCD-SSB of larger periodicity
8) [RAN2/4] any other potential impacts identified by RAN2/4 on support NCD-SSB for measurement

2. Discussion
· Q1：whether it is feasible to use NCD-SSB for serving and non-serving cell measurements for idle, inactive, and/or connected mode for all or some of RRM, RLM, BFD, link recovery, RO selection, mobility, time/frequency tracking and AGC
From signal structure point of view, the signal structure including PSS/SSS/MIB/DMRS of the NCD-SSB is identical as that of CD-SSB except for the different meaning carried by physical bits at MIB part. For all measurements depends on the detection of the signal strength/quality, there should be no difference to obtain signal strength/quality for various purpose such as RRM, RLM, BFD, link recovery and mobility by using either NCD-SSB or CD-SSB from UE perspective. Therefore from measurement point of view, it is feasible to use NCD-SSB for serving and non-serving cell measurements for idle, inactive, and/or connected mode. 
One issue is that serving cell related measurement (e.g. RLM/BFD for connected mode or RRM for serving cell in idle/inactive mode) should use CD-SSB and cannot be performed by using NCD-SSB based on the current RAN2 specification, as indicated by the following section from [3]. However, it is up to RAN2 how to solve the issue. From RAN4 RRM perspective, there should be no issue of using NCD-SSB for serving cell measurement. 
9.2.1.1
Cell Selection

The principles of PLMN selection in NR are based on the 3GPP PLMN selection principles. Cell selection is required on transition from RM-DEREGISTERED to RM-REGISTERED, from CM-IDLE to CM-CONNECTED and from CM-CONNECTED to CM-IDLE and is based on the following principles:

-
The UE NAS layer identifies a selected PLMN and equivalent PLMNs;

-
Cell selection is always based on CD-SSBs located on the synchronization raster (see clause 5.2.4):

9.2.1.2
Cell Reselection

A UE in RRC_IDLE performs cell reselection. The principles of the procedure are the following:

-
Cell reselection is always based on CD-SSBs located on the synchronization raster (see clause 5.2.4).

9.2.7
Radio Link Failure

In RRC_CONNECTED, the UE performs Radio Link Monitoring (RLM) in the active BWP based on reference signals (SSB/CSI-RS) and signal quality thresholds configured by the network. SSB-based RLM is based on the SSB associated to the initial DL BWP and can only be configured for the initial DL BWP and for DL BWPs containing the SSB associated to the initial DL BWP. For other DL BWPs, RLM can only be performed based on CSI-RS. In case of DAPS handover, the UE continues the detection of radio link failure at the source cell until the successful completion of the random access procedure to the target cell.
9.2.8
Beam failure detection and recovery

For beam failure detection, the gNB configures the UE with beam failure detection reference signals (SSB or CSI-RS) and the UE declares beam failure when the number of beam failure instance indications from the physical layer reaches a configured threshold before a configured timer expires.

SSB-based Beam Failure Detection is based on the SSB associated to the initial DL BWP and can only be configured for the initial DL BWPs and for DL BWPs containing the SSB associated to the initial DL BWP. For other DL BWPs, Beam Failure Detection can only be performed based on CSI-RS.
For the timing/frequency tracking and AGC, to our understanding there is no issue to use NCD-SSB for this purpose. 
For the RO selection, if the separate initial DL BWP contains paging PDCCH only, then no RO selection issue. On the other hand if the separate initial DL BWP contains paging PDCCH plus Type 1 PDCCH for RA, the RO selection could be based on NCD-SSB. There is no feasibility issue from RAN4 RRM perspective.
Based on former analysis, we see it is feasible to use NCD-SSB for various purposes indicated in question 1 of [2] and have the following proposal:

Proposal 1: It is feasible to use NCD-SSB for serving and non-serving cell measurements for idle, inactive, and/or connected mode for all or some of RRM, RLM, BFD, link recovery, RO selection, mobility, time/frequency tracking and AGC
· Q2: [RAN2/4] whether it is feasible to use NCD-SSB as QCL source of other DL channels/signals and as spatial relation (for UL channels/signals) transmitted in idle, inactive, and/or connected mode in the initial/non-initial DL BWP of RedCap UE
From RAN4 perspective there is no any limitation on it when RAN1 provides corresponding functionalities. 

Proposal 2: For question 2, RAN4 does not identify any limitation on it if RAN1 provides corresponding functionalities

· Q4: [RAN2/4] whether/when periodicities and/or TX power and/or block indexes (provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon) and/or QCL sources of NCD-SSB can be same/different from those of CD-SSB, if both NCD-SSB and CD-SSB are transmitted on the serving cell of RedCap UE
For this question, when both NCD-SSB and CD-SSB are transmitted on the serving cell has already been supported by the legacy system and the design of the legacy system on the periodicities and/or TX power and/or block indexes and/or QCL sources of NCD-SSB can be used as baseline. In addition, these parameters could up to NW configuration depending on particular deployment scenario. 

Proposal 3: regarding parameters in question 4, the design of the legacy system can be used the base. In addition, these parameters could up to NW configuration depending on particular deployment scenario. 

· Q5: whether it is necessary to introduce configuration limitations for NCD-SSB (e.g., regarding frequency locations, periodicity), e.g., to ensure coexistence with legacy UEs
The particular issue in Q4 is whether the NCD-SSB can be located at the sync raster or not. It is possible for a NCD-SSB to be located at the sync raster. However, UE cell selection performance would be compromised. If UE detects an NCD-SSB on sync raster, the UE cannot access to the cell because there is no system information available. UE will waste power for NCD-SSB detection and MIB decoding and cell search delay for access is also prolonged. In principle, we think some limitations on frequency location can be considered and detailed design could be studied at RAN4 RF session. For the NCD-SSB periodicity, we think it could have the same value set or longer periodicity than that of CD-SSB. 
Proposal 4: some limitations on frequency location of NCD-SSB can be considered. For the NCD-SSB periodicity, it could have the same value set or longer periodicity than that of CD-SSB.
· Q6: if CD-SSB is not transmitted in the non-initial DL BWP of RedCap UE, whether it is feasible to transmit periodic CSI-RS for UE to use as an alternative of SSB in the non-initial BWP of RedCap UE or rely on UE performing RF retuning as in measurement gap outside active BWP for BWP without SSB nor CORESET#0 operation
Regarding the question whether it is feasible to use periodic CSI-RS as an alternative of SSB in the non-initial BWP of RedCap UE, we have the following observations. 
Firstly, regarding the timing requirement, for the UE to meet the initial transmission timing requirements, SSB is still required based on the following specs hence CSI-RS is not a fully alternative for SSB at this scenario. 

7.1.2
Requirements

The UE initial transmission timing error shall be less than or equal to (Te where the timing error limit value Te is specified in Table 7.1.2-1. This requirement applies:

-
when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS, or it is the PRACH transmission, or it is the msgA transmission..

The UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms.
Besides timing requirements, for the active TCI state switching delay requirements, both the knowing conditions of TCI state and MAC-CE/RRC based TCI switch delay requirements depend on SSB for fine time/frequency synchronization. 
In addition, for CSI-RS based RRM measurement, associated SSB is still needed.  Due to the single FFT UE implementation limitation, Performance of CSI-RS based neighbor cell RRM measurement under certain cases, e.g., when timing difference between serving cell and neighbor cell is larger than CP, are not guaranteed. Hence SSB is still needed to fulfill neighbor cell RRM measurements. 

Proposal 5: Due to its incapability for neighbor cell RRM measurement, serving cell timing requirement and TCI state switch requirements, it is not feasible to use periodic CSI-RS as an alternative of SSB in the non-initial BWP of RedCap UE

Regarding the question whether it can rely on UE performing RF retuning as in measurement gap outside active BWP for BWP without SSB nor CORESET#0 operation, we note that it is quite a different approach compared with legacy solutions. Basically, for serving cell measurements like RRM, RLM, BFD, link recovery, etc, it is always expected these measurements can be done without any RF retuning in legacy system design. If all these actions are realized based on RF retuning, the amount of RF retuning could be very high due to the nature of serving cell measurement and the following shortcoming can be observed:
 1. UE power consumption will be significantly increased due to frequently RF retuning; 
 2. The overhead of the interruption could be quite large. 
 3. New UE behaviour and requirements need to be specified, especially for UE downlink/uplink timing.
Actually whether the timing can even be maintained is questionable when considering RRM measurement on other frequency layer may also needs to done at the same time.
Proposal 6:  it is not feasible to rely on UE performing RF retuning as in measurement gap outside active BWP for BWP without SSB nor CORESET#0 operation due to the high frequency of the RF retuning which increase UE power consumption significantly and bring more interruption overhead. 
· Q7: [RAN2/4] whether it is feasible for a RedCap UE to retune to a CD-SSB rather than use an NCD-SSB of larger periodicity
Regarding this question, if a NCD-SSB with large periodicity is configured,but a UE still needs CD-SSB to fullfill related functions, it is not clear what is the use case. From RAN4 perspective, the principle of using NCD-SSB for the UE with reduced capability is when NCD-SSB is configured, the NCD-SSB works like CD-SSB and CD-SSB-based actions could be based on NCD-SSB. 
Proposal 7:  For question 7, we suggest that the design principle of using NCD-SSB for RedCap UE is when NCD-SSB is configured, CD-SSB-based actions could be done through NCD-SSB and from RAN4 measurement point of view, the dependency on CD-SSB should not be needed. Regarding the particular scenario in Q7 where a RedCap UE retune to a CD-SSB rather than use an NCD-SSB of larger periodicity, it is not clear to RAN4 about the use case. 
3. Conclusion
In this contribution, we provide our considerations on the LS from RAN1 regarding NCD-SSB and have the following proposal:
Proposal 1: It is feasible to use NCD-SSB for serving and non-serving cell measurements for idle, inactive, and/or connected mode for all or some of RRM, RLM, BFD, link recovery, RO selection, mobility, time/frequency tracking and AGC

Proposal 2: For question 2, RAN4 does not identify any limitation on it if RAN1 provides corresponding functionalities

Proposal 3: regarding parameters in question 4, the design of the legacy system can be used the base. In addition, these parameters could up to NW configuration depending on particular deployment scenario. 
Proposal 4: some limitations on frequency location of NCD-SSB can be considered. For the NCD-SSB periodicity, it could have the same value set or longer periodicity than that of CD-SSB.
Proposal 5: Due to its incapability for neighbor cell RRM measurement, serving cell timing requirement and TCI state switch requirements, it is not feasible to use periodic CSI-RS as an alternative of SSB in the non-initial BWP of RedCap UE

Proposal 6:  it is not feasible to rely on UE performing RF retuning as in measurement gap outside active BWP for BWP without SSB nor CORESET#0 operation due to the high frequency of the RF retuning which increase UE power consumption significantly and bring more interruption overhead. 
Proposal 7:  For question 7, we suggest that the design principle of using NCD-SSB for RedCap UE is when NCD-SSB is configured, CD-SSB-based actions could be done through NCD-SSB and from RAN4 measurement point of view, the dependency on CD-SSB should not be needed. Regarding the particular scenario in Q7 where a RedCap UE retune to a CD-SSB rather than use an NCD-SSB of larger periodicity, it is not clear to RAN4 about the use case. 
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Overall description

RAN4 thanks the LS from RAN1 on use of NCD-SSB instead of CD-SSB for RedCap UE. During this RAN4 meeting, RAN4 discussed questions in the LS and have the following conclusions:

Question 1: whether it is feasible to use NCD-SSB for serving and non-serving cell measurements for idle, inactive, and/or connected mode for all or some of RRM, RLM, BFD, link recovery, RO selection, mobility, time/frequency tracking and AGC?

[RAN4 Response]: It is feasible to use NCD-SSB for serving and non-serving cell measurements for idle, inactive, and/or connected mode for all or some of RRM, RLM, BFD, link recovery, RO selection, mobility, time/frequency tracking and AGC
Question 2: whether it is feasible to use NCD-SSB as QCL source of other DL channels/signals and as spatial relation (for UL channels/signals) transmitted in idle, inactive, and/or connected mode in the initial/non-initial DL BWP of RedCap UE
[RAN4 Response]: For this question RAN4 does not identify any limitation on it if RAN1 provides corresponding functionalities
Question 4: whether/when periodicities and/or TX power and/or block indexes (provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon) and/or QCL sources of NCD-SSB can be same/different from those of CD-SSB, if both NCD-SSB and CD-SSB are transmitted on the serving cell of RedCap UE?
[RAN4 Response]: regarding parameters in question 4, the design of the legacy system can be used the base. In addition, these parameters could up to NW configuration depending on particular deployment scenario.

Question 5: whether it is necessary to introduce configuration limitations for NCD-SSB (e.g., regarding frequency locations, periodicity), e.g., to ensure coexistence with legacy UEs?
[RAN4 Response]: RAN4 concludes some limitations on frequency location of NCD-SSB can be considered. For the NCD-SSB periodicity, it could have the same value set or longer periodicity than that of CD-SSB.
Question 6: if CD-SSB is not transmitted in the non-initial DL BWP of RedCap UE, whether it is feasible to transmit periodic CSI-RS for UE to use as an alternative of SSB in the non-initial BWP of RedCap UE or rely on UE performing RF retuning as in measurement gap outside active BWP for BWP without SSB nor CORESET#0 operation?
[RAN4 Response]: For the first part of this question, RAN4 concludes that due to its incapability for neighbour cell RRM measurement, serving cell timing requirement and TCI state switch requirements, it is not feasible to use periodic CSI-RS as an alternative of SSB in the non-initial BWP of RedCap UE

For the second part of this question, RAN4 concludes that it is not feasible to rely on UE performing RF retuning as in measurement gap outside active BWP for BWP without SSB nor CORESET#0 operation due to the high frequency of the RF retuning which increase UE power consumption significantly and bring more interruption overhead. 

Question 7: whether it is feasible for a RedCap UE to retune to a CD-SSB rather than use an NCD-SSB of larger periodicity?
[RAN4 Response]: Regarding the particular scenario in Q7 where a RedCap UE retune to a CD-SSB rather than use an NCD-SSB of larger periodicity, it is not clear to RAN4 about the use case. 

2
Actions

To RAN WG2
ACTION: 
RAN4 respectfully asks RAN1 to take the above RAN4 conclusions into account in their future work. 
3
Dates of next TSG-RAN WG4 meetings
TSG-RAN4 #101-bis-e
Jan. 17 – Jan. 25, 2022
Electronic Meeting
TSG-RAN4 #102-e 
Feb.21 – March 03, 2022
Electronic Meeting
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