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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#104-e and RAN#91-e, reduced number of Rx branches and related issues caused were discussed. The following agreements were made:
	· 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.
Agreements:
· For relaxed maximum number of DL MIMO layers: 
· FFS: need for modification of DCI fields/formats
· FFS: need for modification of CSI measurement/reporting
Agreements:
· For reduced minimum number of Rx branches in FR1 and FR2 frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports:
· FFS: need for solutions to reduced PDCCH blocking 
· FFS: need for reporting of UE antenna related information to gNB (e.g., # of panels, polarization, etc.)
· Information related to the reduction of the number of antenna branches is assumed to be known at the gNB (either implicitly or explicitly, to be FFS)


[bookmark: _Ref129681832]In this contribution, the potential solutions to support Rx branches reduction are analyzed, focusing on performance, coexistence with non-RedCap UEs, and specification impacts. 
On reduced minimum number of RX branches
1.1 UE type and identification
Definition of one RedCap UE type
According to the objectives of the updated WID as following, only one RedCap UE type will be defined, and the definition of RedCap UE type need to be specified.
	· Specify definition of one RedCap UE type including capabilities for RedCap UE identification and for constraining the use of those RedCap 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. [RAN2, RAN1]
· The existing UE capability framework is used; changes to capability signalling are specified only if necessary. 


In RAN1#103-e meeting, it was agreed that maximum UE channel bandwidth is included in the set of L1 capabilities for early identification.
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]RAN1 needs to give some inputs to RAN2 on the minimal set of basic capabilities for defining a RedCap UE type. In our view, the UE type for RedCap is defined by a minimum (mandatory) capability set, on top of which additional optional UE features can be reported with existing capability framework, details can be discussed in RAN2. We think the factors defining one UE type can be categorized into two categories, being: 
· Impact on initial access
· No impact on initial access
[bookmark: OLE_LINK39][bookmark: OLE_LINK40]RedCap UE type is used to differentiate RedCap UEs and normal UEs, only initial access related capabilities are essential to be included in the minimum capability set. The maximum UE channel bandwidth supported by RedCap UE can affect the UL initial access, and this was already agreed for early identification. Some companies raised that the supported reduced minimum number of Rx antenna ports need to be included in minimum capability set. In our view, the coverage for Msg2/Msg4 for 1Rx/2Rx during initial access is not an essential issue, if TBS scaling is considered, and DL coverage is not included in the WID. The coverage loss in uplink transmission can be handled by Coverage Enhancement WI and may also be applied to RedCap UEs without differentiating 1Rx/2Rx. Furthermore, the coverage for 1Rx/2Rx for wearables may be similar, so there is no need to separate 1Rx and 2Rx. The requirements of IWSN and video can be covered by wearables, and the peak rate for wearables is up to 150 Mbps, so the UE capabilities corresponding to different Rx antenna ports can be viewed as the same type, with up to 2Rx. In summary, only the maximum UE channel bandwidth is needed in the RedCap UE type. 
Proposal 1: For FR1, the one RedCap UE type has only maximum UE channel bandwidth including in the minimized set of basic capabilities. The supported number of Rx branches is reported after initial access.
Device identification
As specified in the WID, early identification for RedCap UEs via Msg1 and/or Msg3 are supported, MsgA is also supported. 
	· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks through an early indication in Msg1 and/or Msg3, and Msg A if supported, including the ability for the early indication to be configurable by the network. [RAN2, RAN1]


As discussed above, only RedCap UEs need to be identified during initial access. The main necessity for early identification during initial access is to make sure the frequency hopping of the transmission of PUSCH for Msg3 or PUCCH for Msg4 HARQ feedback is within the maximum channel bandwidth for RedCap UEs, or to guarantee enough RF retuning time for RedCap UEs. It is not necessary to identify RedCap UEs with 1Rx or 2Rx, since no enhancement is needed for DL coverage regarding to Msg2/Msg4 for both 1Rx and 2Rx. 
Proposal 2: Identification for RedCap UEs with 1Rx or 2Rx is not needed in the early identification stage.
Capability indication and access restriction
As specified in the updated WID, system information can indicate whether a RedCap UE can camp on the cell/frequency, and the indication can specific to 1Rx or 2Rx.
	· [bookmark: _Hlk67648184][bookmark: _Hlk67650013]Specify a system information indication to indicate whether a RedCap UE can camp on the cell/frequency or not; it shall be possible for the indication to be specific to the number of Rx branches of the UE. [RAN2, RAN1]


In our understanding, there are two potential motivations for restricting the access of RedCap UEs to avoid unnecessary network access attempt of the RedCap UEs. 
· Motivation 1: Network does not support RedCap UEs.
· Motivation 2: Network supports RedCap UEs, but restricts the access of all or part of RedCap UEs for load balancing and system performance.
For the first motivation, the network should indicate to the RedCap UEs whether the network supports RedCap UEs accessing or not. For the commercialization of networks, support of NR RedCap UEs could be deployed gradually. In the actual network environment, especially for the initial deployment phase, it is possible that some cells do not support RedCap UEs in the early stage. If the network indicates no support of NR RedCap UEs, the UEs will not attempt to access the network again or not attempt to access for a much longer time to avoid unnecessary power consumption. In this case, the UE may continue to scan SSB raster to find another suitable cell to camp on. Therefore, the earlier the network indicates its capability, the better the RedCap UEs can save power consumption. 
Proposal 3: It is necessary for network to indicate whether it supports RedCap UEs accessing or not.
For the second motivation, if the network supports RedCap UEs, the network can indicate whether it allows the RedCap UEs or part of RedCap UEs (e.g. RedCap UEs with 1Rx) access or not. For example, the network wants to load balance or protect the access of normal UEs. Furthermore, due to the reduced capability, e.g. number of RX branches, it could lead to reduced UE antenna efficiency for wearables, and the RedCap UEs will have lower transmission efficiency compared to normal UEs. The foreseen massive number of RedCap UEs will challenge the network performance, especially for RedCap UEs with 1Rx. Based on the above discussion, it should be allowed that network can restrict the access of all RedCap UEs or part of RedCap UEs (e.g. RedCap UEs with 1Rx) according to the strategy. According to the current NR specification, there are some mechanisms for the network to indicate whether the network allows the UE’s access or not, for example, via the indications in MIB or SIB1, or load balancing mechanism during the random access procedure, or during paging procedure. Use of 2 more spare bits in PBCH payload in FR1 can also be considered. 
[bookmark: OLE_LINK6]Moreover, there are 15 spare bits in DCI associated with SIB1, the spare bits can be used to make access restriction of RedCap UEs. Compared with access restriction via SIB1, if restricting the access of RedCap UEs via DCI associated with SIB1, the RedCap UEs would stop the system information acquisition procedure once the RedCap UE successfully decodes the DCI with the access restricting information. Since unnecessary SIB1 decoding can be avoided for the RedCap UEs, it is beneficial for power saving. Therefore, it is preferred to restrict the access of RedCap UEs via DCI associated with SIB1. It shall be possible to enable access control separately for 1Rx/2Rx RedCap UEs, for example, two bits in DCI associated with SIB1 specific for 1Rx and 2Rx RedCap UEs are utilized.
Observation 1: Compared with access restriction via SIB1, access restriction via DCI associated with SIB1 is beneficial for RedCap UE’s power saving and has minor specification impact.
Proposal 4: Consider to restrict the access of RedCap UEs via DCI associated with SIB1.
· Access control separately for RedCap UEs with 1Rx or 2Rx can be considered.
Based on the above discussion, both the motivations should be indicated in system information (e.g., MIB or DCI associated with SIB1 or UAC in SIB1). The details on achieving those two motivations whether in the same procedure or different procedures can be further discussed.

1.2 Discussion on potential enhancements
As specified in the WID, there is no objective of downlink coverage enhancements in RedCap WI. So for the perspective downlink coverage, no enhancements over existing release specifications should be discussed in RedCap.
However, for the perspective of network efficiency, Rx branch reduction will cause significant performance loss, especially for 1 Rx branch. For example, as evaluated in [2], for PDCCH, Rx branch reduction may lead to higher PDCCH blocking probability for RedCap UEs and non-RedCap UEs. The following agreement was made in RAN1#104-e:

	Agreements:
· For reduced minimum number of Rx branches in FR1 and FR2 frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports:
· FFS: need for solutions to reduced PDCCH blocking 



As discussed above, for the perspective of PDCCH capacity and efficiency, some enhancements to DL network efficiency could be considered. Starting from techniques that are widely considered in previous PDCCH design, there are two simple approaches for improving the PDCCH capability: a UE specific DCI with reduced payload, or a DCI addressed to multiple UEs by sharing/optimizing some fields.
Compact DCI
Considering RedCap UEs have smaller bandwidth, reduced Rx branches and other reduced capability, some DCI fields could be reduced in size, or removed. Reduced DCI size allows transmitting a DCI with lower coding rate for a given AL, meaning that smaller AL can be used with reduced DCI size at the same performance, and thus PDCCH capacity can be improved. Furthermore, if the size of the compact DCI for RedCap UEs can be aligned with fallback DCI, fewer DCI formats are needed for blind detection, which is beneficial for UE power saving. In Rel-16, a new compact DCI format 0_2/1_2 has been specified. Further reduction to the existing formats or a new format could be considered, e.g. the antenna ports field discussed in section 2.2.
Group-wise DCI scheduling multiple UEs
For industrial wireless sensors and video surveillance, the devices are stationary or limited mobility, so UE’s propagation channel varies slowly. On the other hand, for these use cases, traffic models are also periodic and steady. Under the two conditions, there could be multiple users simultaneously scheduled by a single PDCCH with shared/optimized information fields, thus the total PDCCH overhead can be reduced. Note many group-wise PDCCH are already supported in Rel-15/16.
Proposal 5: PDCCH enhancements could be considered from the perspective of PDCCH capacity and efficiency improvement, e.g. a compact DCI or a group-wise DCI.
[bookmark: _GoBack]Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, the potential solutions for dealing with the reduction of Rx branches in RedCap UEs are discussed. Based on the analysis, we have the following proposals:
Observation 1: Compared with access restriction via SIB1, access restriction via DCI associated with SIB1 is beneficial for RedCap UE’s power saving and has minor specification impact.
Proposal 1: For FR1, the one RedCap UE type has only maximum UE channel bandwidth including in the minimized set of basic capabilities. The supported number of Rx branches is reported after initial access.
Proposal 2: Identification for RedCap UEs with 1Rx or 2Rx is not needed in the early identification stage.
Proposal 3: It is necessary for network to indicate whether it supports RedCap UEs accessing or not.
Proposal 4: Consider to restrict the access of RedCap UEs via DCI associated with SIB1.
· Access control separately for RedCap UEs with 1Rx or 2Rx can be considered.
Proposal 5: PDCCH enhancements could be considered from the perspective of PDCCH capacity and efficiency improvement, e.g. a compact DCI or a group-wise DCI.
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