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Introduction
According to the current WID [1], there are a number of leftovers highlights below to be decided at RAN#91e:
	· Specify support for the following UE complexity reduction features [RAN1, RAN4]:
· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access of 20 MHz is supported. The possibility of, and any associated conditions for, optional support of a wider bandwidth up to 40MHz after initial access for this case will be further discussed at RAN#91e.
· 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 will be decided at RAN#91e; hence no specific work for these frequency bands will be done before RAN#91e.
· 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.)
· [bookmark: _Hlk58502603]Specify higher layer support of enhancements listed above [RAN2, RAN1]. Details are to be refined at RAN#91e taking the outcome of the RedCap SI into account, and work on this objective shall start after RAN#91e:
· Specify definition of RedCap UE type(s) including set(s) of L1 capabilities for RedCap UE identification and for constraining the use of those RedCap L1 capabilities only for RedCap UEs, and preventing RedCap UEs from using capabilities not intended for RedCap UEs including at least carrier aggregation, dual connectivity and wider bandwidths.
· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks and allow operators to restrict their access if desired.
· Specify necessary updates of UE capabilities (38.306) and RRC parameters (38.331).
· Specify RAN4 core requirements for the above. 
Notes:
· Rel-15 SSB bandwidth is reused and L1 changes minimized.
· The work defined as part of this WI is not to overlap with LPWA use cases.
· Coexistence with non-RedCap UEs is to be ensured.
· This WI focuses on SA mode and single connectivity with operation in a single band at a time.
· The work in other WGs than RAN1 starts after RAN#91e.
· [bookmark: _Hlk58575355]The appropriate WI for handling of any potential coverage recovery aspects related to RedCap UEs devices will be considered at RAN#91e.


In this contribution, we discuss the above leftovers.

Discussion
Reduced minimum number of Rx branches
Reducing the number of Rx branches is a key feature for cost reduction. As captured in TR [2], reducing the number of Rx branches from 4 to 1 can provide additional 15% relative cost reduction compared to reducing the number from 4 to 2.
	As can be seen in the last row for the total cost, the average estimated cost reduction achieved by reducing the number of UE Rx branches are as follows:
-	FR1 FDD (2Rx  1Rx): ~26%
-	FR1 TDD (4Rx  2Rx): ~31%
-	FR1 TDD (4Rx  1Rx): ~46%
-	FR2 TDD (2Rx  1Rx): ~31%


From the perspective of the cost reduction, support 1 Rx is well worth considering. The main controversies about 1 Rx include the coverage loss, spectral efficiency degradation and peak data rate requirements. 
[bookmark: _GoBack]According to LLS and SLS results in Rel.17 RedCap SI [2], the degradation of downlink coverage is not critical when the number of Rx branches is reduced from 4 to 1, and the bottleneck of coverage is more related to UL. Besides, suitable coverage recovery techniques or higher antenna efficiency for 1 Rx [3] can be considered to compensate those coverage losses, if necessary. Regarding the spectral efficiency loss, the techniques to minimize its impact can also be studied in the WGs at WI stage.
For data rate, 2 Rx is the premise to enable 2 DL MIMO layers, which is critical to meet the DL peak data rate requirement of 150Mbps. However, due to the small form size in some wearables, the correlation of 2 Rx is too high so that 2 DL MIMO layer cannot be achieved. Besides, it should be noted that implementing 2 Rx branches in a small smart watch is super-challenging, this may lead to TDD bands are not available for smart watch if 1 Rx is not allowed ([4] also mentioned it). Furthermore, according to the WID, not all the RedCap UEs need to support 150Mbps (e.g. video surveillance, industrial wireless sensors, and some small size of wearables), 1 Rx is efficient for those scenarios. 
Considering the diversity gain, as shown in some companies’ evaluation [5] [6], 1 Rx without antenna efficiency reduction has better performance than 2 Rx with antenna efficiency reduction. No matter in vertical use cases or wearables, the antenna gain may be easy to be achieve than the diversity gain.
Therefore, the minimum number of Rx branches supported by specification for a RedCap UE should be 1, and the specification could also support 2 Rx branches for a RedCap UE to achieve higher data rate.
Proposal 1: 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 specification supports {1 Rx branch, 2 Rx branches} for RedCap UEs in these bands.

Reduced maximum UE bandwidth
According to the WID [1], the maximum bandwidth of an FR1 RedCap UE during and after initial access of 20 MHz is supported. With 20MHz bandwidth, the DL peak data rate can be supported up to 150 Mbps for high-end use cases with 2 Rx branches Redcap UE. The combination of 20 MHz and 1Rx can achieve a DL data rate higher than 80 Mbps, which is enough for most use cases for Rel-17 Redcap [2]. Therefore, 20MHz bandwidth in FR1 can fully meet the data rate requirements of Rel-17 RedCap use cases.
Whether an FR1 RedCap UE can optionally support a maximum bandwidth larger than 20 MHz after initial access was firstly discussed at RAN1#103e [7] and then discussed at RAN#90 [8]. Some observations are listed below:
· Improve both user reference data rate and peak data rate especially for 1 Rx redcap UE
· No comprehensive evaluation so far for a larger BW than 20MHz especially on cost and complexity aspects for Reacap UE
· No clear identification on network efficiency and complexity by introducing larger BW after initial access 
· No definition in 3GPP for high end or low end wearable UEs, and high end or low end Redcap UEs
Rel-17 Redcap is to define and specify new NR device type(s) jointly considered industrial wireless sensors, video surveillance and wearables together. The main motivation for the new device type(s) is to lower the device cost and complexity compared to Rel-15/Rel-16 smart phones/devices. From the above analyze and observations, it is premature to introduce other BW options (wider or smaller) without comprehensive evaluation and identification on the cost and complexity aspects both for redcap device and for network. Focusing only on 20MHz BW for Rel.17 can avoid rushing on specification works for a large scope of objectives without careful study during SI phase, which will be helpful to make sure the success of the first NR Redcap type(s) in the market. While, other UE bandwidth such as wider or smaller bandwidth also show some potentially beneficial on high data rate use case for high end Redcaps and further low cost reduction on low end Redcaps. Thus, we have the following proposal for Rel-17 Redcap UE bandwidth.
Proposal 2: For FR1 bands, Maximum bandwidth of 20 MHz during and after initial access for Rel-17 Redcap UE is supported. Wider or smaller bandwidth should be studied in future releases for NR Redcap enhancement.

Other considerations
Higher layer considerations
According to the WID [1], the data rate requirements for three use cases are listed in the following table.
Table 1: Data rate requirements for different use cases
	Use cases
	Data rate requirements

	Industrial wireless sensors
	The reference bit rate is less than 2 Mbps

	Video Surveillance
	Reference economic video bitrate would be 2-4 Mbps
(High-end video e.g. for farming would require 7.5-25 Mbps)

	Wearables
	Reference bitrate for smart wearable application can be 5-50 Mbps in DL and 2-5 Mbps in UL, and peak bit rate of the device can be higher, up to 150 Mbps for downlink and up to 50 Mbps for uplink.


As can be seen from the above table, the data rate requirements for these three use cases are quite different. The above use cases can be approximately divided into two data rate classes: higher data rate (e.g. up to 150Mbps, for wearables) and lower data rate (e.g. up to 25Mbps, for surveillance and sensors). 
Different service data rate will consume different radio resources; in addition, different service equipped with different types of devices have different characteristics in terms of the physical capability and data service KPI requirements, etc. The exact Redcap characteristics will help network/operators to control or restrict the Redcaps’ access. 
While considering unified different types of redcap is beneficial for large-scale production, the tradeoff of the two aspects is to define the reasonable number of UE Types. Thus, we have the following proposal to help refine Redcap RAN2 scope.
Proposal 3: At least two UE types shall be specified for Redcap. Definition of RedCap UE types shall at least include the number of Rx branches and peak date rate.
In order to realize further cost reduction for RedCap UE, different Layer-2 buffer size should be differentiated for different UE types as mentioned above that the gap of their peak data rate is in order of magnitude. 
Proposal 4: Specify high layer redcap UE capabilities at least in terms of total layer-2 buffer size, other aspects such as maximum number of DRBs, length of the sequence number field, etc. can be considered as well. 

Coverage recovery
Reducing the number of Rx antennas may affect the coverage, which has widely discussed in “coverage recovery” subtopic. According to the TR [2], for a Redcap UE with 1 Rx and reduced antenna efficiency, the bottleneck of coverage is more related to UL (e.g. PUSCH and Msg3) and the degradation of downlink coverage is small. 
How to reflect Rel-17 Redcap Coverage recovery specification work should jointly and conditionally consider the following aspects together:
· First fix the remaining issues on “reduced minimum number of Rx branches” and “Reduced maximum UE bandwidth”, then handle the coverage recovery for Rel-17 Redcap.
· Based on the Redcap SI outcomes and observations, as well as the approved Redcap WID part (the first sub-bullet) which is tightly related to coverage recovery, identify and select the suitable coverage features (both for DL and UL, FR1 and FR2) for Rel-17 Redcap from the whole NR coverage tool kits including Rel-17 WIs such as CE WI.
· Whether to adjust the select feature to meet the cost and complexity objectives?
· If yes, minimizing the specification efforts is preferred.
· Otherwise, prepare the compatible CRs for Redcap UE based on the selected features.  
· Whether all coverage bottlenecks identified during SI phase have been solved?
· If not, solutions based on SI phase can be considered, and strive for minimizing the specification efforts.   

HARQ buffer size reduction 
In our previous contributions [9] [10], some other cost reduction features were proposed (e.g. TBS restriction, PRB restriction, HARQ related reduction). After some discussion, we think HARQ buffer size reduction should at least be considered for further cost reduction, this has been mentioned by other companies as well [11] [12]. Based on the agreed evaluation methodology [2], if HARQ buffer size reduced by 50%, ~5% cost reduction can be achieved compare to reference NR UE. Considering the massive connection in IOT scenario, this reduction is meaningful. 
For simplicity, the HARQ buffer size is approximated by following equation [13]:
 [bytes].
Where  is the maximum number of HARQ processes (i.e. 16), the LBRM factor = 2/3 in NR for DL, and  is the number of bits per Log-Likelihood Ratio (LLR) which is assumed to be 6.
According to the above equation, limited HARQ buffer size, restricted TTI duration and restricted throughput can be considered for HARQ buffer size reduction.
HARQ buffer size reduction can be considered especially for Low-end RedCap during RAN1 WI stage if it is found necessary; otherwise, it should be considered in future releases. 

[bookmark: _Ref494215420][bookmark: _Ref502921678][bookmark: _Ref502921460]Conclusion
In this contribution, we discuss the remaining issues on Rel-17 Redcap WID with the following proposals: 
Proposal 1: 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 specification supports {1 Rx branch, 2 Rx branches} for RedCap UEs in these bands.
Proposal 2: For FR1 bands, Maximum bandwidth of 20 MHz during and after initial access for Rel-17 Redcap UE is supported. Wider or smaller bandwidth should be studied in future releases for NR Redcap enhancement.
Proposal 3: At least two UE types shall be specified for Redcap. Definition of RedCap UE types shall at least include the number of Rx branches and peak date rate.
Proposal 4: Specify high layer redcap UE capabilities at least in terms of total layer-2 buffer size, other aspects such as maximum number of DRBs, length of the sequence number field, etc. can be considered as well. 
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