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Introduction
The revised WID on support of reduced capability (RedCap) NR devices has been approved in [1]. RAN4 has started work on the support of RedCap NR devices, where the related study item has been concluded in TR 38.875. The WID has the following objectives on UE complexity reduction: 
	· Specify support for the following UE complexity reduction features [RAN1, RAN2, RAN4]:
· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. 
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz.
· Reduced minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· [bookmark: _Hlk58502022][bookmark: _Hlk58574559]For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· A means shall be specified by which the gNB can know the number of Rx branches of the UE.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.
· Duplex operation:
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)



It is concluded in RAN#100e meeting that there is no RRM impact due to Maximum number of DL MIMO layers and Relaxed maximum modulation order [2]. This contribution further provides analysis on the mobility requirements due to reduced UE BW, reduced RX branch.
Discussion
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For Redcap UE with 1Rx, the time to identify target NR cell, Tidentify_intra_NR and Tidentify_inter_NR, are determined through simulation campaign at SINR =-2 dB. Based on the simulation results in [3], at least 3 samples are required. As additional AGC adjustment are needed for inter-frequency cell detection, therefore 3 additional samples are required, that is 6 samples. To speed up handover, 6 samples for inter-frequency can be reduced to 5 samples.
Proposal 1: 3 samples are required for intra-frequency Tsearch (in HO) and 5 samples are required for inter-frequency for Tsearch (in HO) for Redacap UE with 1Rx.
For RedCap UEs with HD-FDD operation, collisions may happen between configured SSB and configured uplink transmission. This issue has reached agreement in RAN1 that the SSB is prioritized over dynamically scheduled UL transmission.
	Agreements:
· For HD-FDD operation for RedCap UEs, collisions may be addressed or alleviated with proper scheduling. The following cases of potential collisions can be further studied to see if any change to the current specs is necessary:
· Case 1: Dynamically scheduled DL reception vs. semi-statically configured UL transmission
· e.g., dynamic PDSCH or CSI-RS collides with configured SRS, PUCCH, or CG PUSCH
· Case 2: Semi-statically configured DL reception vs. dynamically scheduled UL transmission
· e.g., PDCCH or SPS PDSCH collides with dynamic PUSCH or PUCCH
· Case 3: Semi-statically configured DL reception vs. semi-statically configured UL transmission  
· Case 4: Dynamically scheduled DL reception vs. dynamic scheduled UL transmission
· Case 5: Configured SSB vs. dynamically scheduled or configured UL transmission
· e.g., PUSCH, PUCCH, PRACH, SRS
· Case 8: Dynamic or semi-static DL vs. valid RO
· Case 9: Collision due to direction switching




	Agreement:
· For Case 5 of dynamically scheduled UL transmission vs. SSB, support Option 2 at least for dynamically scheduled UL transmission other than Msg3 (re)transmission and PUCCH for Msg4
· Option 2: Reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over dynamically scheduled UL transmission



Therefore the restriction in handover requirements for RedCap UEs with HD-FDD operation can be: RRM DL measurement is prioritized over the UL transmission of HD-FDD for RedCap UE in HO requirement.
Proposal 2: RRM DL measurement is prioritized over the UL transmission of HD-FDD for RedCap UE in HO requirement.
RRC re-establishment
Based on the logic of legacy re-establishment requirements, when the side condition is ≥ -8dB, for RedCap UE Tidentify in known NR cell case could refer to SSB measurement requirement with 1Rx, and the Tidentify in unknown NR cell case could refer to PSS/SSS detection + SSB measurement requirement with 1Rx. Based on our simulation results in [3], at least 6 samples are needed for cell detection with1RX in FR1@SINR=-6dB. The measurement period is supposed to be unchanged with relaxed measurement accuracy. Therefore when serving cell SSB SINR≥ -8dB, Tidentify_intra_NR for known case is 6 x TSMTC, Tidentify_intra_NR for unknown case is 11 x TSMTC for FR1.
Table 6.2.1.2.1-1: Time to identify target NR cell for RRC connection re-establishment to NR intra-frequency cell
	Serving cell 
	FR of target NR 
	Tidentify_intra_NR [ms]

	SSB Ês/Iot (dB)
	cell
	Known NR cell
	Unknown NR cell

	≥ -8
	FR1
	MAX (200 ms, 5 x TSMTC)
	MAX (800 ms, 10 x TSMTC)

	≥ -8
	FR2
	N/A
	MAX (1000 ms, 80 x TSMTC))

	< -8
	FR1
	N/A
	800Note1

	< -8
	FR2
	N/A
	[bookmark: _Hlk521492617]3520Note1

	Note 1:	The UE is not required to successfully identify a cell on any NR frequency layer when TSMTC > 20 ms and serving cell SSB Ês/Iot < -8 dB.



Proposal 3: For RedCap UE with 1Rx, when serving cell SSB SINR≥ -8dB the re-establishment requirements are defined:
-Tidentify_intra_NR for unknown case is 11 x TSMTC for FR1.
There are some discussion on the lower bound during last meeting. For known cell, the delay extension due to 1RX is derived from measurement period rather than cell detection. The measurement period is supposed to be unchanged with relaxed measurement accuracy. Therefore lower bound 200ms is supposed to be unchanged for known case. For unknown case, as the current 800ms (200ms+600ms) has reserved sufficient margin for cell detection, therefore the need of further extension is not observed.
As we discussed in handover section 2.1, HD-FDD has restriction on the measurement opportunities and would not extend the measurement delay. The same conclusion can be applied for re-establishment requirements as well.
Proposal 4: For RedCap UE, the lower boundary in Max function for reestablishment delay requirement shall not be changed.
RRC connection release with redirection
In legacy RRC connection release with redirection requirements, Tidentify-NR includes cell detection time (4 samples), AGC settling (3 samples) and measurement period (4 samples). The side condition for redirection is applicable to -4dB.
Table 6.2.3.2.1-1: Time to identify target NR cell for RRC connection release with redirection to NR
	FR of target NR cell
	Tidentify-NR

	FR1
	MAX (680 ms, 11 x Trs)

	FR2
	MAX (880 ms, 8x11 x Trs)

	Note:	If the UE has been provided with higher layer signaling of smtc2 specified in TS 38.331 [2] prior to the redirection command, Trs follows smtc1 or smtc2 according to the physical cell ID of the target cell.



For RedCap UE with 1 RX, based on our simulation results in [3], at least 5 samples for cell detection are needed for 1RX in FR1@SINR=-4dB (considering the performance degradation compared with 2RX). The measurement period is supposed to be unchanged with relaxed measurement accuracy. The sample number for AGC settling could reuse the legacy value. Therefore Tidentify-NR for RRC connection release with redirection is 12 x TSMTC for FR1.
For the lower bound, it is the same situation as RRC re-establishment.
Proposal 5: For RedCap UE with 1Rx, Tidentify-NR for RRC connection release with redirection is 12 x TSMTC for FR1.
Proposal 6: For RedCap UE, the lower boundary in Max function for RRC connection release with redirection shall not be changed.
Random access
RAN2 has the following agreements on RedCap early indication during RAN2#116bis emeeting.
Agreements via email - via offline 105 second round:
1. Capture “Support of RedCap early indication based on Msg1, MsgA and Msg3 for RACH” in the field description of capability bit  “support of RedCap”;

Agreements via email - from offline 103:
1. In MAC perspective, a RedCap UE uses MsgA PRACH early identification when it transmits preamble for CBRA if MsgA PRACH early identification is configured for RedCap by NW.
2. For MsgA PRACH early identification, RAN2 confirms both dedicated ROs and dedicated PRACH preamble can be supported from signalling point of view.
3. For RedCap, MsgA PRACH early identification is enabled/disabled implicitly by the presence of dedicated RACH configuration for MsgA PRACH early identification.
4. As in legacy, in case the cell is barred due to being unable to acquire the MIB, intra-frequency cell reselection is considered by RedCap UE as “allowed”.


Agreements online:
1. In MAC perspective, RedCap UE uses the dedicated LCID for Msg3 early identification, when the Msg3 includes the CCCH data (no other precondition)
2. Also when msg1 early identification is configured, new dedicated LCID is used for CCCH identification
Working assumption:
1. Msg3 early identification is mandatorily supported by RedCap UE

In current RAN4 specification, the random access defined in clause 6.2.2 are general description of 4step/2 step RACH procedure. As RAN2 has agreements on RedCap UE early identification and would define their procedure, RAN4 can directly refer to RAN2 spec without changing on RACH requirements.
Proposal 7: Early identification doesn’t impact RA requirements and can directly refer to RAN2 spec.

Conclusions
This contribution provides analysis on the signaling characteristics due to complexity reduction for RedCap UE. The following proposals are provided:
Proposal 1: 3 samples are required for intra-frequency Tsearch (in HO) and 5 samples are required for inter-frequency for Tsearch (in HO) for Redacap UE with 1Rx.
Proposal 2: RRM DL measurement is prioritized over the UL transmission of HD-FDD for RedCap UE in HO requirement.
Proposal 3: For RedCap UE with 1Rx, when serving cell SSB SINR≥ -8dB the re-establishment requirements are defined:
-Tidentify_intra_NR for unknown case is 11 x TSMTC for FR1.
Proposal 4: For RedCap UE, the lower boundary in Max function for reestablishment delay requirement shall not be changed.
Proposal 5: For RedCap UE with 1Rx, Tidentify-NR for RRC connection release with redirection is 12 x TSMTC for FR1.
Proposal 6: For RedCap UE, the lower boundary in Max function for RRC connection release with redirection shall not be changed.
Proposal 7: Early identification doesn’t impact RA requirements and can directly refer to RAN2 spec.
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