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1. Introduction

The revised WID on support of reduced capability NR devices has been approved in [1]. In the last meeting, the discussion on timing requirements are carried out and captured in [2]. This paper provides further discussion on timing requirements due to UE complexity reduction.
2. Discussion
During the discussion in NR R15, UE transmit timing error Te is determined by SCS and CP length of uplink transmission. The existing requirements are duplicated as below.

Table 7.1.2-1: Te Timing Error Limit

	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	1
	15
	15
	12*64*Tc

	
	
	30
	10*64*Tc

	
	
	60
	10*64*Tc

	
	30
	15
	8*64*Tc

	
	
	30
	8*64*Tc

	
	
	60
	7*64*Tc

	2
	120
	60
	3.5*64*Tc

	
	
	120
	3.5*64*Tc

	
	240
	60
	3*64*Tc

	
	
	120
	3*64*Tc

	Note 1:
Tc is the basic timing unit defined in TS 38.211 [6]


For RedCap UE, SCS and CP length are not changed. In LTE for category M1 CE mode B (Enhanced coverage), Te is larger than CE mode A (normal coverage). The reason of Te relaxation is due to low SINR to work in enhanced coverage. For RedCap UE, no such intention is for working in deep coverage. Therefore there is no motivation to revise the existing UE transmit timing error Te.
Proposal 1: The existing transmit timing error Te can be reused for RedCap UE.
In RAN1, the maximum UE bandwidth reduction schemes and related issues were discussed for RedCap for several meeting cycles. The following working assumptions and agreements were made:
	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 E bandwidth.
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.

· Working assumption: Both during and after initial access, for the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth, a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.

· FFS: whether/how to avoid or minimize PUSCH resource fragmentation due to PUCCH transmission for the above case

· Support the case when the centre frequency is assumed to be the same for the initial DL and UL BWPs in TDD. 

· FFS whether or not to additionally support the case when the centre frequency is different; if so, how to minimize centre frequency retuning  

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:
· 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:
· For enabling/supporting that the RACH occasion (RO) associated with the best SSB falls within the RedCap UE bandwidth, support separate initial UL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth), and this separate initial UL BWP for RedCap includes ROs for RedCap UEs.

· Note: these ROs can be dedicated for RedCap UEs or shared with non-RedCap UEs.

Working assumption:

· For enabling/supporting that PUCCH (for Msg4/[MsgB] HARQ feedback) and/or PUSCH (for Msg3/[MsgA]) transmissions fall within the RedCap UE bandwidth during initial access, support separate initial UL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth).
· FFS: whether/how the specification also supports separate PUCCH/Msg3/[MsgA] PUSCH configuration/indication or a different interpretation of the same configuration/indication for RedCap (e.g., disabled frequency hopping or different frequency hopping)
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 behaviour 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




As agreed in the latest WID [1], maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz, and maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz. 
Regarding the timing adjustment step Tq, the requirement is determined by SCS, minimum uplink bandwidth and UE moving speed. During evaluation in R15, the following minimum uplink bandwidth in below table is used for deriving Tq. It can be observed that the bandwidth used for deriving Tq doesn’t exceed the RedCap UE capability. Furthermore as mentioned above, SCS for RedCap remains unchanged. And the mobility speed in RedCap is not faster than the speed in R15 NR. Therefore no factors are observed which would possible impact the existing Tq for RedCap UE. Consequently the existing autonomous time adjustment step Tq can be applied for RedCap UE.
	Frequency range
	Sub 6GHz
	Above 6GHz

	UL SCS 
	15KHz
	30 KHz
	60 KHz
	60 KHz
	120 KHz

	Minimum Bandwidth of UL transmission
	5MHz
	5MHz
	10MHz
	50MHz
	50MHz


Proposal 2: The existing autonomous time adjustment step Tq can be applied for RedCap UE.
3. Conclusions

This contribution provides the analysis on timing requirements due to reduced complexity capability of RedCap UE. According to the analysis, we propose the following proposals.

Proposal 1: The existing transmit timing error Te can be reused for RedCap UE.

Proposal 2: The existing autonomous time adjustment step Tq can be applied for RedCap UE.
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