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In the last meetings, the issues about initial DL BWP and non-initial DL BWP have been discussed. The following agreements and WA have been made.
	Agreements: Take the following as an agreement, revised from the RAN1#104bis-e working assumption:
· A RedCap UE cannot be configured with a non-initial (DL or UL) BWP (i.e., a BWP with a non-zero index) wider than the maximum bandwidth of the RedCap UE.
· At least for FR1, FG 6-1 (“Basic BWP operation with restriction” as described in TR 38.822) is used as a starting point for the mandatory RedCap UE type capability.
· This does not preclude support of FG 6-1a (“BWP operation without restriction on BW of BWP(s)” as described in TR 38.822) as a UE capability for RedCap UEs.

Working assumption:
· At least for TDD, an initial DL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth) can be optionally configured/defined separately from the initial DL BWP for non-RedCap UEs at least after initial access
· FFS the details of the configuration/definition
· The configuration for a separately configured initial DL BWP for RedCap UEs is signaled in SIB.
· whether to support that separate initial DL BWP for RedCap UEs can include a configuration of CORESET and CSS(s) 
· whether part of the configuration can be defined instead of signaled
· If a separate initial DL BWP for RedCap UEs is configured/defined, this separate initial DL BWP for RedCap UEs can be used at least after initial access (i.e., at least after RRC Setup, RRC Resume, or RRC Reestablishment).
· FFS during the initial access
· FFS: whether a separately configured initial DL BWP for RedCap UEs needs to contain the entire CORESET #0, and, if not, the Redcap UE behavior for CORESET #0 monitoring
· FFS: supported bandwidths in the separate initial DL BWP
· FFS: whether additional SSB is transmitted in the separately configured initial DL BWP for RedCap UEs
· FFS: FDD case
Working Assumption: 
· For a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB.
· Working assumption: It can be used during initial access
· It can be used after initial access.
· It is no wider than the maximum RedCap UE bandwidth.
· FFS: It is always configured if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth.
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases.
· Working assumption: It applies at least after initial access for FR1 when MIB configured CORESET#0 is included




The discussion may lead to a BWP without containing CORESET#0 and CD-SSB. And companies have different views on this issue.
In this contribution, we discuss the BWP operation without SSB and potential RF retuning impact.
On supporting a BWP without containing CORESET#0 and CD-SSB 
In Rel-15/16 BWP framework, it is mandatary for UEs to support an initial/non-initial DL BWP containing CORESET#0 and CD-SSB while it is optional to support a non-initial BWP without containing CORESET#0 and CD-SSB.
However, for RedCap UEs with reduced maximum UE bandwidth, the situation has been changed. For initial DL BWP, a separate initial DL BWP has been discussed for several purposes as discussed in contribution [1]. From coexistence perspective, it is assumed that RedCap UEs and non-RedCap UEs use the same CD-SSB. For the purpose of centre frequency alignment for TDD operation and enabling offloading from BW of CORESET#0 for RACH/paging/SI, the separate initial DL BWP does not need to contain CORESET#0 and CD-SSB either. 
For non-initial DL BWP, as discussed in contribution [1], it’s also necessary for RedCap UEs to support BWP without containing CORESET#0 and CD-SSB. The value is to not only just save overhead from network perspective, more important, but also to avoid dramatic decrease of RedCap UEs’ data rate experience due less overhead by reducing the always-on present signals (SSB and SIB) within UE’s 20 MHz BWP. Obviously, it is a totally new issue for RedCap UE since for non-RedCap UEs which have 100 MHz maximum bandwidth, they always have at least 80MHz “pure resource” apart from CORESET#0.
As discussed above, we have the following observations.
Observation 1: Separate initial DL BWP can be configured for RedCap UEs in a different location from the initial DL BWP for non-RedCap UEs, which does not contain CD-SSB and MIB configured CORESET#0.
Observation 2: Non-initial DL BWP can be configured for RedCap UEs in a location which does not contain CD-SSB and MIB configured CORESET#0.

Analysis on RedCap UE supporting BWP without SSB
If a BWP configured for RedCap UE does not contain CD-SSB and CORESET#0, some companies consider that additional NCD-SSB should be transmitted in such BWP for RedCap UEs. Otherwise, RedCap UEs will have to retune to CD-SSB for measurement, which would increase RedCap UE’s complexity and power consumption. 
We give our analysis on this issue in the followings:
· Impact on UE complexity and power consumption for UE performing RF retuning to measure CD-SSB
· Impact on the system by transmitting additional SSB in the BWP which does not contain CD-SSB and MIB configured CORESET#0.
· Impact on UE complexity and power consumption:
In Rel-15/R16, RF retuning has been supported mandatorily as a basic function, such as inter-frequency measurements, so supporting RF retuning to CD-SSB for measurement will not increase additional RedCap UE complexity. Similarly for RedCap UE, RF retuning outside of 20 MHz bandwidth by adjustment of PLL should be already mandatory supported for a UE in many cases including RRM measurement with gap, from SSB reception to PDCCH (scheduling SIB1) reception in order to support SSB&CORESET multiplexing pattern without restrictions, SSB reception to transmission of RO, etc. as mentioned in another paper [1]. Thus, there is no UE complexity increased at all.
Observation 3: No additional UE complexity impact to support CD-SSB based RRM measurement by RF retuning since UE already mandatorily supports the functionality from Rel-15 in many cases.
Some companies claimed supporting BWP without SSB may increase RedCap UE’s power consumption. For potential additional power consumption caused by retuning to CD-SSB for measurement, we conduct some evaluation based on the methodology specified in [2]. The RF retuning time in our evaluation is assumed as 140 us according to the LS in [3], and also 500 us as defined in Rel-15 RRM measurement GAP. The other evaluation assumption are provided in the Appendix. As contrast, the baseline is that assuming CD-SSB is present in the BWP, RedCap UE can perform measurement without retuning. The power consumption is evaluated during RRC_IDLE/INACTIVE and RRC_CONNECTED separately. 
· During RRC_IDLE/INACTIVE
During initial access, after cell search and cell camping, the UE mainly monitors PO for paging message and SI update in the initial DL BWP based on DRX mechanism. There are two possible options as following:
· Option 1: A RedCap UE camps on the initial DL BWP defined by CORESET#0, and retunes to the separate initial DL BWP when monitoring PO.
· Option 2: A RedCap UE camps on separate initial DL BWP and retunes to measure CD-SSB. Then retunes back to separate initial DL BWP after finishing SSB measurement.
In our view, there is not too much difference for these two options from power consumption perspective since the only difference is option 1 UE may not retuning back if there is a paging message detected for the UE. Thus we conduct the evaluation based on the worst case with option 2 where a UE has to perform retuning to and back for every time. Non-false alarm rate of paging is assumed as 10%, and false alarm rate of paging is assumed as 90%. The evaluation method and results are provided as following respectively for different assumptions of RF retuning time duration. The average power consumption is normalized by DRX cycle and calculated by weighted paging false alarm and paging non-false alarm cases.
Table 1. Simulation results during RRC_IDLE/INACTIVE
	DRX cycle
1280ms
	BWP with SSB
	BWP without SSB (RF retune time 140 us)
	BWP without SSB (RF retune time 500 us)

	
	PO non-false alarm (10%)
	PO false alarm
 (90%)
	PO non-false alarm (10%)
	PO false alarm 
(90%)
	PO non-false alarm (10%)
	PO false alarm
 (90%)

	
	time （ms）
	Power unit
	Power consumption
	time （ms）
	Power unit
	Power consumption
	time （ms）
	Power unit
	Power consumption
	time （ms）
	Power unit
	Power consumption
	time （ms）
	Power unit
	Power consumption
	time （ms）
	Power unit
	Power consumption

	SSB
	2
	100
	200
	2
	100
	200
	2
	100
	200
	2
	100
	200
	2
	100
	200
	2
	100
	200

	PO+PDSCH
	1
	300
	300
	1
	100
	100
	1
	300
	300
	1
	100
	100
	1
	300
	300
	1
	100
	100

	RF retuning
	0
	50
	0
	0
	50
	0
	0.28
	50
	14
	0.28
	50
	14
	1
	50
	50
	1
	50
	50

	Deep sleep
state transition
	20
	450
	450
	20
	450
	450
	20
	450
	450
	20
	450
	450
	20
	450
	450
	20
	450
	450

	Light sleep
state transition
	6
	100
	100
	6
	100
	100
	6
	100
	100
	6
	100
	100
	6
	100
	100
	6
	100
	100

	Light sleep
	12
	20
	240
	12
	20
	240
	12
	20
	240
	12
	20
	240
	12
	20
	240
	12
	20
	240

	Deep sleep
	1239
	1
	1239
	1239
	1
	1239
	1238.72
	1
	1238.72
	1238.72
	1
	1238.72
	1238
	1
	1238
	1238
	1
	1238

	Total
	1280
	N/A
	2529.000 
	N/A
	N/A
	2329.000 
	1280
	N/A
	2542.720 
	1280
	N/A
	2342.720 
	1280
	N/A
	2578.000 
	1280
	N/A
	2378.000 

	Average power
consumption
	1.835
	1.846
	1.873 



· During RRC_CONNECTED
After initial access, the UE mainly monitor in the active BWP and perform measurement based on the DRX mechanism. The evaluation method and results are provided as following. The traffic model is assumed to be burst type with every 2 seconds [4] which results the ratio of DRX cycle with data transmission and DRX cycle without data transmission equal to 1:5 with 320 ms DRX assumption. The average power consumption are calculated by weighted average of with-data and without-data transmission.

Table 2. Simulation results during RRC_CONNECTED
	DRX cycle
320 ms
	BWP with SSB
	BWP without SSB (RF retune time 140 us)
	BWP without SSB (RF retune time 500 us)

	
	with data (1/6)
	without data (5/6)
	with data (1/6)
	without data (5/6)
	with data (1/6)
	without data (5/6)

	
	time （ms）
	Power unit
	Power consumption
	time （ms）
	Power unit
	Power consumption
	time （ms）
	Power unit
	Power consumption
	time （ms）
	Power unit
	Power consumption
	time （ms）
	Power unit
	Power consumption
	time （ms）
	Power unit
	Power consumption

	SSB
	2
	100
	200
	2
	100
	200
	2
	100
	200
	2
	100
	200
	2
	100
	200
	2
	100
	200

	RF retuning
	0
	50
	0
	0
	50
	0
	0.28
	50
	14
	0.28
	50
	14
	1
	50
	50
	1
	50
	50

	Tx
	1
	700
	700
	0
	700
	0
	1
	700
	700
	0
	700
	0
	1
	700
	700
	0
	700
	0

	PDCCH only
	80
	100
	8000
	10
	100
	1000
	80
	100
	8000
	10
	100
	1000
	80
	100
	8000
	10
	100
	1000

	Deep sleep
state transition
	20
	450
	450
	20
	450
	450
	20
	450
	450
	20
	450
	450
	20
	450
	450
	20
	450
	450

	Deep sleep
	217
	1
	217
	288
	1
	288
	216.72
	1
	216.72
	287.72
	1
	287.72
	216
	1
	216
	287
	1
	287

	Total
	320
	N/A
	9567.000 
	320
	N/A
	1938.000 
	320
	N/A
	9580.720 
	320
	N/A
	1951.720 
	320
	N/A
	9616.000 
	320
	N/A
	1987.000 

	Average power
consumption
	10.030 
	10.073 
	10.183 



Last, we derive the further normalized results based the results for both during and after initial access, assuming the time ratio for RRC_IDLE/INACTIVE and RRC_CONNECTED is equal to 50% : 50% for a UE, in order to represent the impact on UE battery life.
Table 3. Simulation results during RRC_IDLE/INACTIVE and RRC_CONNECTED
	power consumption
	BWP with SSB
	BWP without SSB
(RF retune time 140 us)
	BWP without SSB
(RF retune time 500 us)

	Average power consumption during RRC_IDLE/RRC_INACTIVE
	1.835
	1.846
	0.58% ↑
	1.873
	2.09%↑

	Average power consumption during RRC_INACTIVE
	10.030
	10.073
	0.43%↑
	10.183
	1.53%↑

	Comprehensive average
power consumption 
(50% : 50%)
	5.932
	5.959
	0.45%↑
	6.028
	1.61%↑



As shown above, the additional power consumption due BWP without SSB is very minor. For RF retuning time 140 us, the final average power consumption increases only 0.45%. For RF retuning time 500 us, the final average power consumption increases only 1.61%  in the whole lifecycle.  That also means, assuming a UE’s typical battery life is 3 days (experience in real small device), with supporting BWP without SSB, there is almost no change to the device’s battery life or it is not sensitive to the BWP operation with or without SSB at all (2.95-2.99 days).
Also, there are ways for further designing the operation with reduced RF retuning times, e.g. once the UE retune to measure an SSB, it does not necessarily retune back. Or if a RedCap UE report power saving capabilities, the network might configure a relaxed measurement period such that the need of UE retuning can be further reduced, leading to no power consumption increment.
Observation 4: The impact on battery life caused by UE retuning to measure CD-SSB is negligible.



· Impact on the system by transmitting additional SSB
· Network planning and RRM measurement
· gNB power boosting
· Inter-cell downlink interference
· System overhead and gNB scheduling
· Network power consumption
From network perspective, it is very unreasonable and not realistic to transmit additional SSB in every configured RedCap BWP which does not contain CD-SSB. It will have great negative impacts on the network and the end-to-end system.
RedCap is a new feature that would be introduced to existing eMBB networks. Thus it should share the legacy eMBB network planning which is already based on CD-SSB including power boosting and beam management etc. Thus the associated CD-SSB based serving cell and neighbor cell RRM measurement should be maintained as well. If measurement based on additional SSB is to be adopted (in order to serve new RedCap UEs), the network and system will suffer from very complicated implementation and has to consume great efforts to make additional specific network planning for RedCap, due to the reason the new SSB is different to the existing one. In short, the anchor of the network is changed, operators have to re-do the network planning for RedCap. If some cells have additional SSB and some cell not, the situation will even worse. Moreover, current specification only supports CD-SSB based RRM measurement, the adoption of additional SSB based measurement for serving cell would introduce tremendous standard efforts cross multiple working groups.
Observation 5: Transmitting additional SSBs for RRM measurement would make the system much more complicated and require new network planning for RedCap. 
Observation 6: Enabling NCD- SSB based RRM measurement will require great standard efforts and specification impact.
Normally, CD-SSB would have power boosting e.g. 3dB, 6dB etc. If the SS burst sets of CD-SSB and NCD-SSB are located in a same half frame, it would require gNB to do simultaneous power boosting for different SSB at a time which may have challenges on gNB implementation. In case there is any power boosting limitation on gNB, then the additional SSB would have lower power than CD-SSB which results new network planning and RRM measurement of RedCap UEs is changed compared with CD-SSB based measurement. If the SS burst sets of CD-SSB and NCD-SSB are located in different half frames, it would also complicate network energy saving since the possibility of shutting down the gNB RF is reduced due to the distributed SSBs in time domain. 
Observation 7: Additional SSBs may not have same power boosting as CD-SSB, which would either make situation much more complicated to re-do network planning and RRM measurement, or seriously negative impact on network energy saving.
Also, the additional SSB would result much more inter-cell downlink interference to the system especially in case they are transmitting with power boosting.
Observation 8: Additional SSBs would increase inter-cell downlink interference to the system especially considering possible power boosting.
From the perspective of network capacity, additional SSB in a single RedCap BWP will cost additional ~1% overhead of 100MHz carrier. The overhead increases as the number of the separately configured number of BWPs increased within a 100 MHz TDD carrier for e.g. offloading purpose. This ratio is more unfriendly from UE perspective since the maximum BWP/usable resource for RedCap UEs is 20 MHz and thus the impact on UE’s experience data rate is much more.
Observation 9: Additional SSBs will increase the overhead thus impact on network capacity and UE data rate experience.

Conclusions
[bookmark: _Ref129681832]According to the previous discussion, we have the following observations and proposals.
Observation 1: Separate initial DL BWP can be configured for RedCap UEs in a different location from the initial DL BWP for non-RedCap UEs, which does not contain CD-SSB and MIB configured CORESET#0.
Observation 2: Non-initial DL BWP can be configured for RedCap UEs in a location which does not contain CD-SSB and MIB configured CORESET#0.
Observation 3: No additional UE complexity impact to support CD-SSB based RRM measurement by RF retuning since UE already mandatorily supports the functionality from Rel-15 in many cases.
Observation 4: The impact on battery life caused by UE retuning to measure CD-SSB is negligible.
Observation 5: Transmitting additional SSBs for RRM measurement would make the system much more complicated and require new network planning for RedCap. 
Observation 6: Enabling NCD- SSB based RRM measurement will require great standard efforts and specification impact.
Observation 7: Additional SSBs may not have same power boosting as CD-SSB, which would either make situation much more complicated to re-do network planning and RRM measurement, or seriously negative impact on network energy saving.
Observation 8: Additional SSBs would increase inter-cell downlink interference to the system especially considering possible power boosting.
Observation 9: Additional SSBs will increase the overhead thus impact on network capacity and UE data rate experience.
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Appendix
The simulation assumptions for power consumption evaluation in Table A-1 and A-2.
Table A-1. Simulation assumption during RRC_IDLE/INACTIVE
	Parameter
	Value

	DRX cycle
	1280 ms

	Gap between SSB and PO
	20 ms

	SSB
	2 ms

	PO and PDSCH
	1 ms

	False alarm rate, Non-false alarm rate
	10%, 90%



Table A-2. Simulation assumption during RRC_CONNECTED
	Parameter
	Value

	DRX cycle
	320 ms

	Traffic model
	Every 6 DRX cycles, one cycle is with data transmission, five cycles are without data transmission

	Tx
	1 ms

	SSB
	2 ms

	Inactivity timer
	80 ms

	On-duration timer
	10 ms





