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Introduction
For Redcap UE, it is already agreed in the latest WID[1] that the maximum UE RF bandwidth is 20 MHz for FR1 and 100 MHz for FR2, while the system channel bandwidth is still up to 100MHz for FR1 and up to 400MHz for FR2.
From RAN1 discussion, coexistence of Redcap UE and non-Redcap UE within the same cell is one of the key issues. The agreements reached in RAN1 #105 meeting are as below:
	Agreements:
· Both during and after initial access, the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the maximum RedCap UE bandwidth is allowed.
Agreements: Replace the RAN1#104bis-e working assumption with the following working assumption (for option 1) and working assumption (for option 2):
· Working assumption: After initial access (i.e., after RRC Setup, RRC Resume, or RRC Reestablishment), for BWP#0 configuration option 1 (as in 38.331, Appendix B2), a RedCap UE is not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.
· Working assumption: After initial access (i.e., after RRC Setup, RRC Resume, or RRC Reestablishment), for BWP#0 configuration option 2 (as in 38.331, Appendix B2), a RedCap UE is not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.

Agreement: 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.
Working assumption: Both during and after initial access, even for the scenario where the initial UL BWP for non-RedCap UEs is not configured to be wider than the RedCap UE bandwidth, a separate initial UL BWP can optionally be configured/defined for RedCap UEs.
· RO sharing between RedCap and non-RedCap is not precluded.

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



This paper provide the analysis and proposal on BWP switching time for Redcap UE. 
[bookmark: OLE_LINK5]Discussion
Scenarios for RF retuning
Since Redcap UE maximum channel bandwidth is reduced compared with non-Redcap, while the system bandwidth keeps wide, RF retuning (or BWP retuning) is highly required for different cases. We provide the necessity analysis on RF retuning across the system bandwidth for Redcap UE.
Coexistence between Redcap UE and legacy non-Redcap UE
[bookmark: OLE_LINK38]In existing eMBB NR network, one typical practice is that gNB configure RACH occasions/PUCCH resources to the end of the wide carrier bandwidth. This can avoid uplink PUSCH resource fragment and ensure eMBB UE’s data rate experience. Specifically for PUCCH possibly configured fragment PUSCH transmission, additional MPR is defined in TS 38.101 for almost contiguous allocation as below:
“If CP-OFDM allocation satisfies following conditions, it is considered as almost contiguous allocation
NRB_gap / (NRB_alloc + NRB_gap ) ≤ 0.25
and NRB_alloc + NRB_gap is larger than 106, 51 or 24 RBs for 15 kHz, 30 kHz or 60 kHz respectively where NRB_gap is the total number of unallocated RBs between allocated RBs and NRB_alloc is the total number of allocated RBs. The size and location of allocated and unallocated RBs are restricted by RBG parameters specified in clause 6.1.2.2 of TS 38.214 [10]. For these almost contiguous signals in power class 2 and 3, the allowed maximum power reduction defined in Table 6.2.2-1 is increased by
CEIL{ 10 log10(1 + NRB_gap / NRB_alloc), 0.5 } dB,”
Meanwhile, almost contiguous allocation is reported by UE capability(as shown in Fig 1). It means if UE does not support it(only contiguous allocation is supported) and PUCCH is configured in-between PUSCH resources, only part resources could be utilized by UEs, it can be seen in Fig 2. 
[image: C:\Users\z00405189\AppData\Roaming\eSpace_Desktop\UserData\z00405189\imagefiles\70B1968D-7348-4AEA-9B1A-53548E06D6DE.png]
Fig 1. Almost contiguous allocation UE capability
[image: ]
Fig 2. PUSCH fragment by PUCCH configured in the middle[2]
Consider introducing RedCap to existing 5G network, when the maximum 20MHz UE channel bandwidth is configured in the middle of the system channel bandwidth, frequency hopping could only operate within the 20MHz CBW which will introduce severe PUSCH fragment which will have big impact on legacy non-Redcap UE. There must be available methods for the network to avoid the example case illustrated in below Fig 3. It will cause undesirable PUSCH resource fragment and result in significantly impact on eMBB UE experience.
[image: ]
Fig 3. Illustration of the undesirable PUSCH resource fragment potential caused by potential RedCap
Observation 1: significant transmission power back off is introduced by resource fragment with PUCCH configured in-between PUSCH when UE supports almost contiguous allocation capability; while UE only supports contiguous allocation, part of RB resources can be utilized will have big impact on UL performance.
Observation 2: Network shall be able to configure PUCCH resources at the end sides of the wide carrier bandwidth for RedCap UE, to avoid introducing uplink PUSCH resource fragment.
Hopping or schedule in wider BW than maximum RedCap UE BW
As evaluated in TR 38.875, reduced maximum UE bandwidth may cause loss of frequency diversity gain.
To achieve larger diversity gain and interference randomization, hopping or scheduling in BW larger than 20MHz can be considered. Thus, RedCap UEs possibly need to operate RF retuning to acquire suitable frequency resource by measure channel quality. Also, RedCap UE may need to perform RF retuning to transmit/receive outside 20MHz to obtain larger diversity gain or frequency selective scheduling gain.
[bookmark: OLE_LINK42]Load balance and make room for high priority traffic
For RedCap, the gNB can assign RedCap UEs to different 20MHz to alleviate resource congestion for load balance. Also, sometimes, gNB may need to re-allocate or schedule RedCap UE on a different 20MHz within the network carrier bandwidth to avoid occupy resources where high priority traffic for eMBB or URLLC UE arrives. There should be RF retuning for RedCap UEs in these cases.
Observation 3: Frequency hopping across larger BW (e.g., 100MHz) is beneficial in terms of diversity gain or frequency selective scheduling gain.
Proposal 1: RedCap UE should support center frequency change/RF retuning across a bandwidth larger than its maximum UE bandwidth. 
[bookmark: OLE_LINK35]Currently, RAN4 has defined famous BWP switching delay which includes RF retuning operation.
For BWP switching delay, besides RF retuning it also includes the BB processing/initiating, preparing and loading time. The switching operation could be triggered by DCI/timer, and RRC configuration. In Rel-15 discussion, 140us is assumed as a typical value for RF retuning operation, while hundreds μs to >1ms is used for other operations, and it finally leads to 2 types BWP switching delay.
Proposal 2: BWP framework can be utilized for Redcap UE for the scenario that UE only performs RF retuning across a bandwidth wider than UE maximum bandwidth without change BWP specific parameters.
BWP switching time for Redcap UE
Current BWP switching time in TS 38.133
As specified in TS 38.133, BWP switching time with DCI indicating or timer is defined as two kinds of UE capability based on slot length as in table 1, the switching delay is time from UE received switching request(or immediately after a BWP-inactivity timer expires) to UE can transmit/receive new BWP. 
Table 1: BWP switch delay
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	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	1
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9

	3
	0.125
	6
	18

	Note 1:	Depends on UE capability.
Note 2:	If the BWP switch involves changing of SCS, the BWP switch delay is determined by the larger one between the SCS before BWP switch and the SCS after BWP switch.



RRC based BWP switching delay is also specified in TS 38.133 which follows the length of the RRC procedure:
	
 is the length of the RRC procedure delay in ms as defined in clause 12 in TS 38.331 [2], and
	 is the time used by the UE to perform BWP switch. The UE is not required to transmit UL signals or receive DL signals during the time defined by  on the cell where RRC-based BWP switch occurs.



[bookmark: OLE_LINK27]From the current requirement defined in TS 38.133, the transmission interruption time(not required to transmit or receive) caused by BWP switching is obviously too long to preserve for frequent BWP switching for Redcap UEs discussed in section 2.1. For example, the PUCCH hopping at the end sides of system bandwidth by BWP switching need to be much faster than the current BWP switching delay.
[bookmark: OLE_LINK30]Observation 4: Current interruption time(not required to transmit or receive in the cell) of DCI or RRC based BWP switching delay defined in TS 38.133 cannot be utilized for the retuning cases for Redcap UE, e.g. PUCCH frequency hopping.
Enhanced BWP switching delay for Redcap UE
[bookmark: OLE_LINK43]RF retuning for RedCap UE due to the maximum bandwidth reduction is more about the location change only, without configuration adaptation. It means only center frequency is changed, the other BWP parameter does not change, i.e. BWP bandwidth, SCS, QCL and RRC configuration for the corresponding is the same before and after the BWP switching.
Thus, on top of existing BWP definition and switch procedure, we propose an extended BWP operation as “BWP retuning” for RedCap where
· A RedCap BWP can be configured with multiple locations (start PRB)
· BWP retuning occurs among different locations associated to the same RedCap BWP (index)
To compare with legacy BWP operation, the following figure is provided.
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	BWP switch
	RedCap BWP retuning


Fig 4. Illustration of BWP retuning
Considering only BWP center frequency is changed, much smaller interruption time could be reached. Current BWP switching delay incorporates 3 parts according to Rel-15 discussion: PDCCH processing, RF parameter calculating/loading and new RF parameter applying, shown in Fig 5. For DCI based BWP retuning, PDCCH processing and BB parameter calculating and loading in the modem could be largely simplified. For RF parameter (i.e. center frequency) loading and applying, 140us can be assumed considering it is mainly from PLL retuning. 
[image: ]
Fig 5.
For RRC based BWP switching, shorter switching delay can be reached by preconfigured switching pattern/command. Thus 140us interruption can be also assumed for RRC based BWP switching.
In summary, the BWP retuning for Redcap UE is only related to center frequency change, there is no BB parameter/configuration changed, and retuning could be preconfigured and triggered by L1 or L2 orL3 command(up to RAN1 decision). Considering maximum Redcap UE bandwidth is 20MHz for FR1 and 100MHz for FR2, the retuning range is up to 80MHz for FR1, and 300MHz for FR2. 140us time is enough for the retuning range.
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Hence, we propose to introduce new BWP retuning delay requirement for Redcap UE. The BWP retuning schedule delay follows current BWP switching delay defined in TS 38.133, type1 or type2 is up to UE capability reporting. However, considering on center frequency is changed, the UE is not required to transmit or receive signals with a time duration of 140us.
[bookmark: OLE_LINK44][bookmark: OLE_LINK31]Proposal 3: Introduce new BWP retuning delay requirement for Redcap UE applying for cases that only BWP center frequency is changed, the other BWP parameters does not change. The new BWP retuning schedule delay follows current BWP switching delay defined in TS 38.133, i.e. type1 or type2 is up to UE capability reporting. The UE is not required to transmit or receive signals with a time duration of 140us.
Proposal 4: Send LS to RAN1 to inform them the new BWP retuning delay requirement for Redcap UE, the specific use case applied with the new requirement is up to RAN1.
Conclusion
In this contribution we discussed on the BWP switching delay for Redcap UE, according to the analysis, we have the following proposals: 
Observation 1: significant transmission power back off is introduced by resource fragment with PUCCH configured in-between PUSCH when UE supports almost contiguous allocation capability; while UE only supports contiguous allocation, part of RB resources can be utilized will have big impact on UL performance.
Observation 2: Network shall be able to configure PUCCH resources at the end sides of the wide carrier bandwidth for RedCap UE, to avoid introducing uplink PUSCH resource fragment.
Observation 3: Frequency hopping across larger BW (e.g., 100MHz) is beneficial in terms of diversity gain or frequency selective scheduling gain.
Proposal 1: RedCap UE should support center frequency change/RF retuning across a bandwidth larger than its maximum UE bandwidth. BWP switching framework is utilized for RF retuning across a wide bandwidth for Redcap UE. 
Observation 4: Current interruption time(not required to transmit or receive in the cell) of DCI or RRC based BWP switching delay defined in TS 38.133 cannot be utilized for the retuning cases for Redcap UE, e.g. PUCCH frequency hopping.
Proposal 1: RedCap UE should support center frequency change/RF retuning across a bandwidth larger than its maximum UE bandwidth. 
Proposal 2: BWP framework can be utilized for Redcap UE for the scenario that UE only performs RF retuning across a bandwidth wider than UE maximum bandwidth without change BWP specific parameters.
Proposal 3: Introduce new BWP retuning delay requirement for Redcap UE applying for cases that only BWP center frequency is changed, the other BWP parameters does not change. The new BWP retuning schedule delay follows current BWP switching delay defined in TS 38.133, i.e. type1 or type2 is up to UE capability reporting. The UE is not required to transmit or receive signals with a time duration of 140us.
Proposal 4: Send LS to RAN1 to inform them the new BWP retuning delay requirement for Redcap UE, the specific use case applied with the new requirement is up to RAN1.
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