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1 Introduction
In the last RAN2 meeting, there were the following agreements and FFS about capability definition and constraining of RedCap UE:
	Agreements:

1.
RedCap UE capabilities can be categorized as:

•
Min capabilities all RedCap UEs support (i.e. mandatory for RedCap UE) if identified; 

o
FFS on whether some features are mandatory with signaling for RedCap UE, i.e. IOT bit;

o
(Note: RedCap UEs might have the same set of higher layer capabilities, however this is FFS in RAN2)  

•
Optional capabilities (signaled explicitly)
2.
Following scenarios are considered when design the capability signaling for RedCap UE, but FFS on the details, e.g. what each category of features may include and on the applicability of the cases:

For the features that are mandatory for non-Redcap UEs: 

Case1: The Redcap UE mandatorily supports the feature with the same value;

Case2: The Redcap UE mandatorily supports the feature, but with different value (e.g. bandwidth value);

Case3: The Redcap UE optionally supports the feature;

Case4: The Redcap UE does not support the feature at all.
For the features that are optional for non-Redcap UEs:

Case1: The Redcap UE does not support the feature at all.

Case2: The Redcap UE supports the feature with different value;

Case3: The Redcap UE supports the feature with the same value;

Case4: The Redcap UE mandatorily supports the feature


In addition, in the RAN2 #111-e meeting, there were the following agreements:
	Agreements:

3.
For power saving, for now RAN2 studies extended DRX for idle and inactive modes and RRM relaxation for stationary RedCap devices, and input to be provided to TR 38.875. 

4.
Depending on RAN1 input, discussion is expected at least on the following impacts on RAN2 procedures:


a.
Impact on cell (re)selection


b.
Impact on initial access


c.
Impact on other idle mode procedures (i.e. SI acquisition, paging)
FFS:

1.
Whether reduction of upper layer capabilities should be considered is FFS (in any case no email discussion until the next meeting on this


In this contribution, we continue to discuss higher layer UE capabilities and procedural impacts for RedCap UE.
2 Discussion
2.1 Reduction of upper layer capabilities 

In current specification, the capability of maximum number of DRBs is mandatory without signalling and it is constrained that 16 DRBs should be supported per UE in TS 38.306. The large number of DRBs to be mandatorily supported contributes to support multiple traffic types. However, according to the use cases of RedCap UE, the traffic types of RedCap UE will be limited. Moreover, the larger number of DRBs to be mandatorily supported will increase the cost of memory, which does not match the original intention of introducing RedCap UE. Hence, it is proposed to consider to reduce the number of DRBs to be mandatorily supported for RedCap UE. Furthermore, since RedCap UE is used for different use cases, different use case may need to support different number of traffic. For example:

· Wearables may need to support voice and data traffic, so it needs to support large number of DRBs. 
· The traffic type of industry sensors is very limited, so it just needs to support small number of DRBs. 
Hence, to reduce memory cost for different uses cases, it is proposed to allow the UE to report the maximum number of supported DRBs. 

Proposal 1: Consider to reduce the number of DRBs to be mandatorily supported for RedCap UE and allow the UE to report the number of supported DRBs.

Currently, the length of the PDCP SN and the RLC AM SN can be configured to be 12 bits or 18 bits but the 18-bit capability is mandatory without signalling. SN is used to number the PDCP/RLC SDU and determine the reordering or transmitting/receiving window, which essentially reflects the buffer size capability. Considering that the required peak data rate for RedCap UEs is lower, which implies that the size of the buffer supported by RedCap UEs can also be reduced, we do not see the need for RedCap UEs to support the 18-bit SN capability as legacy UEs. Hence, it is proposed to consider reducing the length of PDCP SN and RLC AM SN to be mandatorily supported by RedCap UEs. For instance, Redcap UEs can be mandated to support 12-bit SN instead of 18-bit.
Proposal 2: Consider to reduce the length of PDCP and RLC AM SN to be mandatorily supported for RedCap UE (e.g. mandatory 12-bit SN).

2.2 Procedural impacts of RedCap UE
According to the SID of RedCap, some features such as bandwidth, RX/TX antenna number, etc. are considered to be reduced for RedCap UE and the coexistence with Rel-15 and Rel-16 UE should be ensured. In this section, we analyse the potential procedural impacts due to reduction of UE capability from RAN2 perspective. 
· Impacts on cell selection/ reselection procedure

During cell selection, a UE needs to search potential SSB locations at sync raster if there is no stored information on camping frequency. If the UE finds a non-CD-SSB, the MIB in this non-CD-SSB may indicate frequency location of a near CD-SSB. However, according to the agreement in the last RAN2 meeting, it is allowed that network indicates one cell not supporting RedCap UE camping. Then, RedCap UE may jump to a CD-SSB on which there is no cell supporting RedCap UE. RedCap UE has to re-search available CD-SSB and this will increase additional power consumption. 
In addition, RedCap UE may find one cell/frequency does not support RedCap UE after finishing cell re-selection evaluation. In this case,n RedCap UE has to search another available cell/frequency. In this procedure, the power for neighbouring cell measurement is wasted and it introduces additional power consumption for RedCap UE for available cell search. Therefore, during cell search and cell re-selection, re-searching available CD-SSB and available cell/frequency make RedCap UE consume more power than non-RedCap UE.
Observation 1: RedCap UE may consume more power than non-RedCap UE during cell search and cell re-selection.
· Impacts on paging procedure

So far, there is still on any agreement whether RedCap UE and legacy UE will share same initial DL BWP. So, it is still not clear whether RedCap UE and legacy UE will share same paging resources. If the paging resources are shared between RedCap UE and legacy UE, RedCap UE may impact paging capacity because of its large number. Moreover, legacy UE may lead to the false alarm of RedCap UE and this will increase the power consumption of RedCap UE. Furthermore, the shared SI change indicator may cause RedCap UE reading updated SIB1 but RedCap UE just concerns very small number of SIBs. This also leads to additional power consumption. 
Observation 2: If RedCap UEs share PO with non-RedCap UE, the power consumption of RedCap UEs may be impacted because of false probability and unnecessary SIB1 reading.
· Impacts on RRM/RLM measurements

In NR, UE mandatorily supports SSB-based RRM/RLM measurement and the SSB should be CD-SSB. According to RAN1 agreement in the last RAN1 meeting, 20M bandwidth should be a baseline for RedCap UE in FR1 and 50M/100M in FR2. To support CD-SSB based RRM/RLM measurement, UE’s active BWP can be configured overlapping CD-SSB. In this way, a large number of RedCap UE will have to crowd at the bandwidth near CD-SSB although this cell may have 100M bandwidth as illustrated in the figure below. Considering that the number of RedCap UE may be massive, the scheduling on bandwidth near CD-SSB will be much crowed and the interference from neighbour cells will be worsen. Therefore, gap based RRM measurement is needed for RedCap UEs.
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Observation 3: RedCap UE needs measurement GAP for serving cell measurement with higher probability than non-RedCap UE.
Proposal 3: Capture above observations into the TR.
3 Conclusion

In this contribution, we discussed higher layer capability reduction and procedural impact of RedCap UE. Corresponding observations and proposals are listed as below:

Proposal 1: Consider to reduce the number of DRBs to be mandatorily supported for RedCap UE and allow the UE to report the number of supported DRBs.

Proposal 2: Consider to reduce the length of PDCP and RLC AM SN to be mandatorily supported for RedCap UE (e.g. mandatory 12-bit SN).

Observation 1: RedCap UE may consume more power than non-RedCap UE during cell search and cell re-selection.
Observation 2: If RedCap UEs share PO with non-RedCap UE, the power consumption of RedCap UEs may be impacted because of false probability and unnecessary SIB1 reading.

Observation 3: RedCap UE needs measurement GAP for serving cell measurement with higher probability than non-RedCap UE.
Proposal 3: Capture above observations into the TR.
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