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1. [bookmark: _Toc120549591]Introduction
During RAN#91e, the WID for RedCap was updated, with the objective related to reduced number of Rx branches as following [1],
· 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.

In RAN1#104-e, the following agreements for reduced minimum number of Rx branches of RedCap UEs were made [2],
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)

In this contribution, solution to reduced PDCCH blocking and other specs influences related reduced number of Rx branches are discussed.
2. Discussion on solution to reduced PDCCH blocking
During RAN1#104e, PDCCH blocking issue was raised considering that larger aggregation levels may be used for RedCap devices due to reduced Rx number and smaller CORESET bandwidth.
Considering the two application scenarios of reduced capability UEs, such as industrial wireless sensors and video surveillance. There are some similar characteristics for these two scenarios. The first is that the data traffic are the same or similar among different UEs in the scenario, e.g., the specific industrial wireless sensors which measure and report specific data with a periodicity. The second is that the channel environment is not changed so fast, e.g., industrial wireless sensors in the same workshop of factory, video surveillance on the lamp-post beside the roads. 
These two characteristics make similar scheduling parameters among different UEs, such as the SPS or grant free periodicity. In traditional SPS or UL grant Type 2 procedure, UE-specific DCI is used as SPS or UL grant Type 2 activation signalling considering the different SPS or UL grant Type 2 configurations among UEs. However, in the above reduced capability UEs scenarios, the data traffic are the same or similar among different UEs and the SPS or UL grant Type 2 configuration may be the same as well. In addition, considering the number of reduced capability UEs are huge in one network, if the SPS or UL grant Type 2 activation is per-UE as usual, and with larger ALs, the PDCCH overhead of network may be large, and PDCCH blocking probability will be increased. Therefore, in these scenarios where the data traffic are the same or similar among UEs and the channel environment are not changed so fast, one DCI can activate more than one UE’s SPS or UL grant Type 2 to reduce network signalling overhead. And one DCI can also be used to scheduling multiple TBs for the same UE.
Proposal 1: Multi-UE scheduling can be further studied to reduce PDCCH blocking, e.g., simultanously activation for multiple UEs’ SPS or UL grant Type 2 transmission.
Proposal 2: Multi-TB scheduling can be further studied to reduce PDCCH blocking.
3. Discussion on reporting of UE antenna related information
In this section, we will discuss the necessary of early reporting for number of Rx branches, in other words, the necessary of early identification for different number of Rx branches.
First of all, gNB should have the flexibility to configure whether early indication is performed, depending on its coverage level or traffic load. For example, gNB configures separate PRACH resources, and then early identification is implicitly configured. gNB can also configure explicitly that RedCap UE reports its type by Msg.3.
Proposal 3: gNB can configure early identification of RedCap devices implicitly or explicitly.
According to the TR, section 9.1.5, for RedCap UE with 1 Rx and reduced antenna efficiency, with DL PSD of 33 dBm/MHz, coverage recovery is not needed for the downlink channels if the target for coverage recovery is based on the MIL of the bottleneck channel for the reference NR UE. Therefore, there is no need to specify additional coverage recovery solutions for reduced number of Rx branches.
Then early identificaiton of reduced number of Rx branches is mostly used for the gNB to adopt different scheduling strategies for RedCap and non-RedCap devices. The need of distiguishing further between 1Rx and 2Rx may depend on whether antenna efficieny loss of 1Rx is assumed. When no antenna efficieny loss is assumed for 1Rx, it can achieve similar coverage performance as 2Rx, in this case, there is no need to distiguish between 1Rx and 2Rx RedCap devices. When the antenna efficiency of 1Rx cannot be guaranteed due to lack of OTA test, it needs more discussion.
So conclusion on whether 1Rx devices have 3dB better anntenna efficiency than 2Rx devices should be made first, when 1Rx devices have 3dB better anntenna efficiency than 2Rx device, early identification for different number of Rx branches is not necessary.
Proposal 4: Conclusion on whether 1Rx devices have anntenna efficiency loss should be made first.
If antenna efficiency loss is also assumed for 1Rx, the necessity of distinguish between 1Rx and 2Rx by early identification is discussed in the following.
For uplink scheduling, 1Rx and 2Rx devices have the same uplink performance, e.g. both with 1Tx and 3dB antenna efficiency loss, so no need to distiguish them.
For downlink scheduling, when 1Rx has poor coverage than 2Rx, there are two possible options, 
· Option 1: 1Rx and 2Rx devices are not distiguished between each other, and gNB makes common scheduling for both 1Rx and 2Rx.
· Option 2: 1Rx and 2Rx devices are distiguished from Msg.1/Msg.3, and gNB schedules them separately.
When the number of RedCap devices is small, option 1 is better. gNB can configure separate PRACH resources for RedCap devices, but no separation between 1Rx and 2Rx. When the number of RedCap devices is small, gNB can reserve small amount of PRACH resources for RedCap devices, so the capacity influence for non-RedCap devices will be limited and the resource overhead for conservative scheduling of RedCap UEs is limited.
When the number of RedCap devices is large, and gNB has the knowledge of minimum Rx number for the deployment, option 1 can still be efficient. For example, for connected industries use cases, it is very likely that gNB knows the minimum number of Rx for the sensors, for example, 1Rx or 2Rx only, then gNB can make decision for the suitable scheduling schemes.
Only when the number of RedCap devices is large, and both 1Rx and 2Rx device coexisted in the same network, option 2 will be a better choice.
Therefore, it is proposed that conclusion for antenna efficiency of 1Rx is made first, and if there is still antenna efficiency loss for 1Rx, gNB has the flexibility to choose either option 1 or option 2.
Proposal 5: gNB decides whether to distiguish 1Rx and 2Rx by early identification.
4. Discussion on system information indication for different reduced numbers of Rx branches
Long period discussion was made on whether to support a minimum 1Rx 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 main concerns are coverage and spectrum efficiency loss. However, since 1Rx is the practical implement for smart watches with a small device size, it was agreed at last with access control methods for operators to reduce the impact on network performance.
[bookmark: _Hlk67650013]As described in the WID, it will specify 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. In this section, we will discuss the system information indication related to reduced number of Rx branches for access control purpose.
1 
2 
With coexistence deployment, there are two kinds of performance difference for RedCap devices and non-RedCap devices. The first one is that RedCap UEs with reduced number of Rx branches consume more resources compared with non-RedCap devices when they require the same date rate. The second one is that RedCap devices with 1Rx and 2Rx will have poorer coverage performance than non-RedCap devices with 4Rx. RedCap devices may keep trying to access the network but always fail when they locate at cell edge, e.g. out of the cell coverage. 
Therefore, system information can carry two kinds of information for access control of Redcap UEs.
· Information 1: whether RedCap UEs can camp on the cell/frequency or not, or whether RedCap UEs with specific number of Rx branches can camp on the cell/frequency or not.
· Inforamiton 2: the conditions that RedCap UEs are allowed to camp on the cell or the conditions that UEs with specific number of Rx branches are allowed to camp on the cell/frequency.
For option 1, when the network works at a high traffic load, it can choose to bar all the RedCap UEs, or to bar all the 1Rx RedCap devices due to their low efficiency.
For option 2, based on its coverage status, the network can broadcast the RSRP threshold values for different RedCap capabilities. For example, RedCap devices with 1Rx can access the network only when the RSRP values are high than Threshold 1, and RedCap devices with 2Rx can access the network only when the RSRP values are high than Threshold 2, where Threshold 1>Threshold 2.
With these two options, the network has more flexibility to control the access of RedCap devices. 
Proposal 6: System information can indicate whether RedCap UEs or RedCap UEs with specific number of Rx branches can camp on the cell/frequency or not.
Proposal 7: System information can indicate the conditions that RedCap UEs or RedCap UEs with specific number of Rx branches are allowed to camp on the cell/frequency.
5. Conclusions
In this contribution, considerations on the solutions to reduce PDCCH blocking, and UE number of Rx branches related system information indication and identification are discussed, the following proposals are made,
Proposal 1: Multi-UE scheduling can be further studied to reduce PDCCH blocking, e.g., simultanously activation for multiple UEs’ SPS or UL grant Type 2 transmission.
Proposal 2: Multi-TB scheduling can be further studied to reduce PDCCH blocking.
Proposal 3: gNB can configure early identification of RedCap devices implicitly or explicitly.
Proposal 4: Conclusion on whether 1Rx devices have 3dB better anntenna efficiency should be made first.
Proposal 5: gNB decides whether to distiguish 1Rx and 2Rx by early identification.
Proposal 6: System information can indicate whether RedCap UEs or RedCap UEs with specific number of Rx branches can camp on the cell/frequency or not.
Proposal 7: System information can indicate the conditions that RedCap UEs or RedCap UEs with specific number of Rx branches are allowed to camp on the cell/frequency.
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