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1	Introduction 
RAN Plenary, in discussion of NCD-SSB for all devices [1], has requested for RAN4 to continue discussion to confirm proposals from the RAN2 LS, R2-2204009, regarding BWP without restriction, as it affects NCD-SSB for all devices.  
There is the potential of extending NCD-SSB to all UEs, not just RedCap UEs.  This extension would improve spectral utilization, allowing the Network to better utilize the fully available spectrum, by assigning UEs to BWP not co-located with the initial BWP. This extension would also lead to improved UE power efficiency as UEs would not be required to utilized wider CBW or change carrier during measurement gaps to monitor the initial BWP while operating on a different assigned BWP.  Although, this capability was part of the initial intent of the BWP methodology, it is understood that a large number of UEs in the field can’t support this capability: FG 6-1a BWP without Restriction is optional, and only FG6-1 BWP with restrictions is required.  Another alternative that could enable this extension is that the NW can utilize CSI-RS reference signals, but these appear to not be widely used in practice for Beam Management (BM), Radio Link Monitoring (RLM), or Beam Failure Detection (BFD).
In the RAN2 #118 meeting, while discussing the extension of NCD-SSB, RAN2 expressed concern that RAN4 and RAN1 could be impacted [2]:
	· RAN2 cannot agree there would be additional RAN2 impacts to extend NCD SSB support to non-RedCap UEs (apart from a new UE capability indicating NCD-SSB support), however RAN2 thinks that other groups (e.g., RAN4 and RAN1) could be impacted and then in case a RAN plenary decision is needed to introduce this, either as a late correction for the RedCap WI or as TEI-17


 
The questions from the RAN2 LS R2-2204009 related to RAN4 impact of extending NCD-SSB support are:
	Question 1:
Whether it is a valid scenario in the standard to support the operation of BWP without SSB where the UE does not perform BM/RLM/BFD due to the lack of necessary reference signal (SSB and CSI-RS) in the active BWP.
Question 2:
If the answer to question 1 is that this is not valid, how should the UE perform BM/RLM/BFD when the active BWP does not contain SSB.



During RAN4 #103, companies found agreement that the answer to Q1 is that “RAN4 requirements are defined only for the case when the target RS (SSB or CSI-RS) to perform BM/RLM/BFD is contained within the UE active BWP”.  This is captured in the WF:
In this paper we share our views discussing potential RAN4 reply to the second RAN2 LS question and discuss extending NCD-SSB to all UEs through BWP without Restriction.Agreement:
· RAN4 is to inform RAN2 that RAN4 requirements are defined only for the case when the target RS (SSB or CSI-RS) to perform BM/RLM/BFD is contained within the UE active BWP
· FFS whether it would be feasible for the UE to perform BM/RLM/BFD on RSs configured outside the active BWP 
· Companies should provide analysis on the feasibility of performing BM/RLM/BFD on RSs that are not contained within the active BWP
· RAN4 feasibility study focused on the response to RAN2 LS without any update on RAN4 specifications

2 Discussion
In addressing question 2 from the LS, we first consider the WF points given.  The WF bullets look toward configuring reference signals (RSs) outside the active BWP.  Although a majority of UE architectures currently in existence do not support BWP without restriction, we first consider this approach.  Then we will later consider the solution of adding NCD-SSB inside the active BWP. 
There are a few approaches that could work if RSs were located outside the active BWP:
· Using a wider UE CBW that is able to operate on the assigned active BWP while also tracking the initial BWP
· Requiring the UE to re-tune its carrier frequency to the occasionally monitor the initial BWP while spending the majority of the time on the active BWP
· Requiring the UE to support multiple Rx chains to track initial BWP and active BWP separately.
The drawback to all three of these potential approaches, is that there is higher power consumption, making for a less efficient UE and/or higher hardware complexity.  It takes considerable additional power to operate baseband processing and data-converters at a faster rate required to receive the active BWP and initial BWP simultaneously.  This can be avoided in the second case, by using narrow CBW and hopping between the active BWP and the initial BWP, but this requires a MG and additional power for re-tuning the LO each time a hop occurs.  The third case could potentially require the least additional power, but then it requires multiple chains and additional hardware cost and complexity.  All three of these cases might be feasible, but they get away from the long-time stated goal of making BWP a power efficient method of partitioning BW to UEs.
Observation 1: All of the potential methods for monitoring separate initial BWP from active BWP due to RSs configured outside the active BWP result in increased power consumption and/or hardware complexity for the UE.
Another aspect limiting the feasibility of performing BM/RLM/BFD on RSs outside the active BWP is due to the specification impact.  In TS 38.331, we see that there are currently cases where the specification is not required to operate outside the active DL BWP.  If we were to propose a new methodology to support RSs outside the active BWP, then there would certainly be a specification impact:
From TS 38.133 Section 8.1.1:
The UE shall monitor the downlink radio link quality based on the reference signal configured as RLM-RS resource(s)
in order to detect the downlink radio link quality of the PCell and PSCell as specified in TS 38.213 [3]. The configured
RLM-RS resources can be all SSBs, or all CSI-RSs, or a mix of SSBs and CSI-RSs. UE is not required to perform RLM
outside the active DL BWP.
From TS 38.133 Section 8.5.1:
The UE shall assess the downlink radio link quality of a serving cell based on the reference signal in the set q0 as
specified in TS 38.213 [3] in order to detect beam failure on:
- PCell in SA, NR-DC, or NE-DC operation mode,
- PSCell in NR-DC and EN-DC operation mode,
- SCell in SA, NR-DC, NE-DC or EN-DC operation mode.
The RS resource configurations in the set q0 on PCell or PSCell can be periodic CSI-RS resources and/or SSBs. RS
resource configuration in the set q0 on SCell shall be periodic CSI-RS. UE is not required to perform beam failure
detection outside the active DL BWP

Observation 2: The existing RAN4 specification does not currently require UEs to monitor RSs outside the active DL BWP, so there would be a specification impact to adding such a capability.

Another scenario issue with requiring the UE to monitor RSs outside the active BWP is that the current specification requires in some place for the capability to monitor the SSB or CSI-RS without measurement gaps.  While it might be possible with UE’s supporting FG6-1a (BWP without Restriction) to switch their carrier, this doesn’t happen in zero time and measurement gaps are typically required.  So, introduction of RSs outside the active BWP would also have a specification impact in this way.

From TS38.133 Section 8.1.2.3:
8.1.2.3 Measurement restrictions for SSB based RLM
The measurement requirements in this clause are not applicable if the following condition is met:
- The network configures mixed numerology on two CCs if the UE does not have the capability of supporting
simultaneous reception with different numerologies between the two CCs in DL.
The UE is required to be capable of measuring SSB for RLM without measurement gaps. 
From TS38.133 Section 8.1.3.3:
8.1.3.3 Measurement restrictions for CSI-RS based RLM
The measurement requirements in this clause are not applicable if the following condition is met:
- The network configures mixed numerology on two CCs if the UE does not have the capability of supporting
simultaneous reception with different numerologies between the two CCs in DL.
The UE is required to be capable of measuring CSI-RS for RLM without measurement gaps. 
To summarize, we see that using RSs outside the active BWP results in increased UE power consumption and/or hardware complexity.  This approach would further generate conflicts within the existing specification.  So, we see that locating RSs inside the active BWP is the best approach.
One potential method of locating the RSs inside the active BWP is to use CSI-RS but no SSB in the active BWP [3].  While feasible, we do not see this as an approach that would be widely acceptable.  The drawback is that since the SSB is typically used for BM currently, the NW would be required to support multiple RS types for this methodology.
In our view, the best solution is to pursue the NCD-SSB approach that has been discussed in RAN2 and RAN Plenary.  Utilizing an NCD-SSB as the RS would allow an SSB RS to be tracked within the active BWP.  This would work with existing UE hardware architectures (FG6-1) and be compatible with existing RAN4 specifications for BM/RLM/BFD.
Observation 3: The best solution is to pursue the NCD-SSB approach that has been discussed in RAN2 and RAN Plenary.  Utilizing an NCD-SSB as the RS would allow an SSB RS to be tracked within the active BWP.  This would work with existing UE hardware architectures (FG6-1) and be compatible with existing RAN4 specifications for BM/RLM/BFD.
Proposal: For Q2 in the LS, we should not pursue defining RS outside the active BWP but instead respond noting the value of developing the NCD-SSB approach which would work with existing UE hardware architectures (FG6-1) and be compatible with existing RAN4 specifications for BM/RLM/BFD
3	Conclusions
Observation 1: All of the potential methods for monitoring separate initial BWP from active BWP due to RSs configured outside the active BWP result in increased power consumption and/or hardware complexity for the UE.

Observation 2: The existing RAN4 specification does not currently require UEs to monitor RSs outside the active DL BWP, so there would be a specification impact to adding such a capability.

Observation 3: The best solution is to pursue the NCD-SSB approach that has been discussed in RAN2 and RAN Plenary.  Utilizing an NCD-SSB as the RS would allow an SSB RS to be tracked within the active BWP.  This would work with existing UE hardware architectures (FG6-1) and be compatible with existing RAN4 specifications for BM/RLM/BFD.

Proposal: For Q2 in the LS, we should not pursue defining RS outside the active BWP but instead respond noting the value of developing the NCD-SSB approach which would work with existing UE hardware architectures (FG6-1) and be compatible with existing RAN4 specifications for BM/RLM/BFD
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