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[bookmark: _Ref521334010]Introduction
In RAN#90-e, a new Rel-17 WI on support of reduced capability NR devices, i.e. RedCap, was approved [1]. The WID was further updated in RAN#92-e [2]. The RAN1 leading features to be specified are listed as follows. 
	· 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.)


RAN2 leading features are also included in the WID, e.g, eDRX enhancement and RRM relaxation. Still, the coverage, power and cost may be further enhanced or reduced with practical implementation or minor change on current specification, which will be discussed in this paper.

Discussion
Coverage recovery for RedCap
Due to the reduced number of Rx branches and the small form factor, typically, both the downlink and uplink coverage of RedCap UE are worse than the normal NR UE. However, to facilitate the fast commercial deployment, it is better to serve RedCap UEs under the existing cell planning. This brings motivation of coverage enhancement for RedCap UE to compensate the coverage to that of the normal NR UE’s, namely coverage recovery. 
In the WID, it is recorded that the Rel-17 uplink coverage enhancement solutions specified in NR_cov_enh WI can also be used by RedCap UE, aiming at the coverage improvement of PUSCH, PUCCH and Msg3.
	· Uplink coverage enhancement solutions specified in the NR Coverage Enhancement WI (NR_cov_enh) shall be assumed to be available also to RedCap UEs by default (with small modifications for RedCap UEs if found necessary). 


Generally, it is reasonable to assume that the NR_cov_enh can be applied to RedCap UE, since the UL coverage enhancement solutions are designed with the assumption of narrow bandwidth and single Tx antenna. However, some of the solutions may be more suitable than others: 
· PUSCH enhancement
· Repetition type A enhancement: The coverage improvement is straightforward, and it is easy to implement for both gNB and the UE, and thus highly recommended for RedCap UE. 
· TB over multiple slots (TBoMS): The benefit is restricted within certain assumptions, e.g. TBS and latency (traffic load), transmission bandwidth. The additional complexity/cost is still unclear, especially the impact of introducing coupling between different slots, which may not be implementation friendly.
· Joint channel estimation (JCE): The benefit depends on not only the gNB channel estimation implementation but also the UE capability to maintain the power consistence and phase continuity. For RedCap UE with cheap modules and circuits, the performance of power and phase maintenance may be degraded. 
· PUCCH enhancement
· Dynamic indication of repetition number: from coverage performance point of view, this feature may not be necessary for RedCap UE. Also, it is debatable whether PUCCH is the bottleneck channel.
· JCE: Similar to the JCE of PUSCH.
· Msg3
It is worth to consider Msg3 coverage enhancement for RedCap UE, since RACH performance is important and Msg3 is also one kind of PUSCH. However, currently, the NR_cov_enh only considers the early identification of CE (Msg3) capable UE, and the NR_redcap only considers the early identification of RedCap UE. But if RedCap UE supports repetition of Msg3 (which is beneficial and technically workable), it is possible that 4 kinds of UE require early identification, i.e. CE RedCap UE, non-CE RedCap UE, CE non-RedCap UE and non-CE non-RedCap UE. Joint design may be required to find a way to identify a UE is CE capable or not, and also a RedCap UE or not. 
By default, it is assumed that all the Rel-17 CE methods can be (optionally) supported by RedCap UEs. However, we have the following observation:
Observation 1: If solutions in NR_cov_enh are to be reused for PUSCH coverage recovery of RedCap UE, PUSCH repetition type A enhancement is more suitable.
For DL coverage, there seems to be no strong motivation to enhance. Though the DL coverage suffers from the reduced number of Rx branches additionally, the transmission power gap between DL and UL is too huge. Therefore, the bottleneck is still the UL channel(s), as has been evaluated during the SI phase. 

Other features for RedCap
Similar to the coverage recovery case, the WID states that the power saving enhancement solutions specified in NR_UE_pow_sav_enh WI can also be used by RedCap UE.
	· Power saving enhancement solutions specified in the UE Power Saving Enhancements WI (NR_UE_pow_sav_enh) shall be assumed to be available also to RedCap UEs by default. 


Power saving is always beneficial for UEs, especially for the cases where recharging/replacing the battery is difficult. However, in our view, not every the power saving feature is suitable for RedCap UE. For example, the Scell-dormancy mechanism may be useless for RedCap UE, since carrier aggregation is not supported by a RedCap UE. Besides, eDRX enhancement and RRM relaxation dedicated for RedCap UE is under discussion in RedCap WID, which are expected to bring considerable power saving gain. 
Therefore, it can be observed that solutions specified in NR_UE_pow_sav_enh may not be totally supported by RedCap UE type. For RedCap UE, the application of the NR_UE_pow_sav_enh should be subject to the design outcome, which may need further discussion.
Observation 2: Not all the power saving solutions in NR_UE_pow_sav_enh is suitable for RedCap UE. The reusing of NR_UE_pow_sav_enh, if any, is subject to the design outcome of RedCap UE.
Note that similar situation can be found in other features, e.g. DL MIMO, Tx switching. Whether a feature can be supported by RedCap UE shall be checked term by term, perhaps in a later phase.
Observation 3: What feature can be supported by RedCap UE shall be checked term by term in a later phase.

Further cost reduction by reducing the maximum value of parameters
The WID also states that the UE capabilities and RRC parameters may be updated for RedCap UE.
	· Specify necessary updates of UE capabilities (38.306) and RRC parameters (38.331). [RAN2]


It is understandable that the standard of UE capabilities and RRC parameters may be updated to support RedCap UE features, e.g. reporting the number of Rx branches, or configuring RedCap-dedicated initial DL/UL BWPs. This can be discussed in a later phase when most of the RAN1/RAN2 design is finished.
Furthermore, considering that the RedCap UE has typically less number of Rx branches and lower processing capability, it may be feasible to reduce some of the maximum value of parameters for RedCap to achieve further cost reduction. Such parameters include, e.g. the maximum number of CSI-RS resources, the maximum number of measurement objects, the maximum number of different DCI size, etc. This may reduce the buffer and processing requirement, and thus reduce the cost of baseband circuit. 
Having said this, we have the following observation:
Observation 4: The cost of RedCap UE may be further reduced by reducing the maximum value of parameters.

Conclusion
In this contribution, we provide our view on remaining issues of RedCap UE. The observations are summarized as follows:
Observation 1: If solutions in NR_cov_enh are to be reused for PUSCH coverage recovery of RedCap UE, PUSCH repetition type A enhancement is more suitable.
Observation 2: Not all the power saving solutions in NR_UE_pow_sav_enh is suitable for RedCap UE. The reusing of NR_UE_pow_sav_enh, if any, is subject to the design outcome of RedCap UE.
Observation 3: What feature can be supported by RedCap UE shall be checked term by term in a later phase.
Observation 4: The cost of RedCap UE may be further reduced by reducing the maximum value of parameters.
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