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1. [bookmark: _Toc120549591]Introduction
During RAN1#105e, the following agreements related to reduced number of Rx branches were made [1],
Agreement:
· Redcap UE is mandated to support at least DCI format 0_0/1_0.
Agreement:
Regarding DCI format 0_1/1_1 and DCI format 0_2 and 1_2, 
· DCI format 0_1/1_1 are mandatory as in legacy. DCI 0_2/1_2 are optionally supported. 

Considering that number of Rx branches will be reduced from 2Rx to 1Rx, or from 4Rx to 1Rx or 2Rx, the detection performance of downlink channels for RedCap devices will be decreased. For PDCCH, larger AL may be used to compensate the coverage loss, leading to higher PDCCH blocking probability. For connected UEs, optional supported compact DCI as above agreements can be used to reduce performance loss resulted from reduced Rx number, so it can also be helpful to reduce PDCCH blocking probability if smaller AL is used than normal DCI size. And some other solutions for PDCCH blocking reduction were also discussed during RAN1#105e, while no agreements were made. In this contribution, potential solutions for PDCCH blocking issue are discussed.
2. Discussion on solutions to reduce PDCCH blocking
With smaller number of Rx branches, the PDCCH decoding performance can be reduced by 2.9dB for AL 16 from 4Rx 2Rx, or 6.56dB for AL16 from 4Rx to 1Rx, the performance loss increases when AL4 is applied, as shown in the following table [2]. Therefore, to meet the same PDCCH BLER target, larger AL is required.
Table 1. Required SNR values for PDCCH at BLER 1%
	
	SNR@1% BLER(dB)
	Performance loss compared to 4Rx (dB)

	Aggregation levels
	4Rx
	2Rx
	1Rx
	2Rx
	1Rx

	AL=16
	-11.33
	-8.4
	-4.77
	2.93
	6.56

	AL=4
	-5.91
	-1.98
	2.61
	3.93
	8.52


Take 30KHz SCS as an example, the maximum RB number of CORESET#0 is 96RB (48*2), which means for PDCCH scheduling before RRC connection, the available CCEs number is 16. So for case 1 PDCCH scheduling, one slot can carry at most two PDCCHs with AL=8. Considering that in addition to carrying the broadcast control channel, the initial DL BWP will also carry some unicast UE scheduling information, even if a 1-symbol CORESET is configured on the third symbol except CORESET#0, it can only carry 3 case 1 PDCCHs with AL=8 at most in one slot. 
With the growth of the number of 5G users and the potential large number of RedCap devices in the future, it is necessary to consider solutions to reduce the probability of PDCCH blocking.
During last meeting, the following solutions are discussed to reduce PDCCH blocking probability [3],
· P1: Separate (initial) DL BWP
· P2: Multi-UE scheduling
· P3: Multi-TB scheduling
· P4: Support RACH-based or CG-based SDT for RedCap UE in RRC inactive state
· P5: For initial access, a dedicated CORESET or search space for RedCap UEs could be defined to reduce PDCCH blocking.
· P6: Support link adaptation on PDCCH to improve the spectrum efficiency of RedCap with reduced minimum number of Rx branches.
· P7: For at least RedCap UEs, support repetition of CORESET#0/CommonCORESET in frequency domain within wide configured gNB carrier.
The solutions can be divided into two categories,
· Solutions used before RRC connection: P1, P4, P5, P7
During initial access, the initial access related PDCCHs and PDSCHs of all the UEs, including RedCap devices and non-RedCap devices, will be transmitted on initial DL BWP, with bandwidth smaller than 20MHz, and this can make the initial DL BWP crowed. So solutions used before RRC connection to reduce PDCCH blocking can be discussed.
P1, e.g. separate initial DL BWP is an efficient way to reduce PDCCH blocking. On this separate initial DL BWP, CORESET and search space can be configured for UE to monitor type0A/1 or even type2-PDCCH, then the Msg.2 and Msg.4 PDCCH/PDSCH can be offloaded to a different BWP from the non-RedCap devices, avoiding crowed CORESET#0 utilization.
Proposal 1: Separate initial DL BWP can be used during initial access to reduce PDCCH blocking.
For P5, if the initial DL BWP is shared by RedCap and non-RedCap devices, dedicated search space for Msg2 and Msg4 can provide TDM chances for RedCap and non-RedCap even they are associated with CORESET#0, it can help reduce PDCCH blocking. But whether dedicated CORESET can be configured needs more discussion. Currently, one commonControlResourceSet other than CORESET#0 can be configured in PDCCH-ConfigCommon, but the commonControlResourceSet in SIB1 has to be contained in the bandwidth of CORESET#0. And CORESET itself does not provide addition occasion, it relies on search spaces associated with it to provide such TDM occasions.
If initial DL BWP is separately configured, dedicated CORESET or search space for RedCap UEs can be naturally configured on this BWP, offloading is realized and PDCCH blocking issue can be solved.
Proposal 2: Dedicated CORESET or search space for RedCap UEs defined on separate initial DL BWP can be used during initial access to reduce PDCCH blocking.
Proposal 3: Dedicated search space for RedCap UEs defined on shared initial DL BWP can be used during initial access to reduce PDCCH blocking. 
P4 discussed in other WIs can reduce the PDCCH transmission, it can be adopted by RedCap UEs to reduce PDCCH blocking probability.
P7 is similar to define dedicated common CORESET for RedCap UEs.
Proposal 4: RACH-based or CG-based SDT in RRC inactive state can be considered for RedCap UE to reduce PDCCH blocking.
· Solutions used after RRC connection: P1, P2, P3, P6
During RAN1#105-e email discussion, some companies also mentioned that compact DCI can address the performance loss of Rx reduction. However, according the LLS evaluation for compact DCI, by reducing DCI size from 40 to 24, the SINR improvement is less than 1dB, while reducing Rx number from 4Rx to 1Rx means more than 6dB decoding performance loss, as shown in table.1. Therefore, considering the potential high density of RedCap devices, solutions to reduce PDCCH blocking for connected UEs can also be discussed.
For connected UEs, BWP is per UE configured, which means P1: separate DL BWP for different UEs or different type is easily supported, so it can be used to avoid PDCCH blocking.
P3 is discussed in beyond 52.6GHz WI, with one DCI scheduling multiple PDSCHs/PUSCHs, less PDCCHs will be transmitted, so it can also be adopted for RedCap UE to reduced possible PDCCH blocking.
P2 and P6 will involve more specification effort since they are not widely discussed before or in other WIs. For P2, the gain comes from reduced PDCCH transmission. Since the data traffic are the same or similar among different UEs for some use cases, such as industrial wireless sensors, when SPS or UL grant Type 2 configuration is configured for such UEs, the activation DCI can be shared by multiple UEs to reduce PDCCH transmission, thereby reducing the probability of PDCCH blocking. So multi-UE activation of SPS or UL grant Type 2 configuration can be further studied for RedCap UEs to reduce PDCCH blocking.
Proposal 5: Separate DL BWP for connected RedCap UEs can be used to reduce PDCCH blocking.
Proposal 6: Multi-TB scheduling introduced in beyond 52.6GHz WI can be adopted for RedCap UEs to reduce PDCCH blocking.
Proposal 7: Multi-UE activation of SPS or UL grant Type 2 configuration can be further studied for RedCap UEs to reduce PDCCH blocking.
3. Conclusions
Considering that reducing of Rx number for RedCap UE will increase aggregation levels for PDCCH, the PDCCH blocking probability may become larger. So in this contribution, solutions to reduce PDCCH blocking are discussed, the following proposals are made,
Proposal 1: Separate initial DL BWP can be used during initial access to reduce PDCCH blocking.
Proposal 2: Dedicated CORESET or search space for RedCap UEs defined on separate initial DL BWP can be used during initial access to reduce PDCCH blocking.
Proposal 3: Dedicated search space for RedCap UEs defined on shared initial DL BWP can be used during initial access to reduce PDCCH blocking. 
Proposal 4: RACH-based or CG-based SDT in RRC inactive state can be considered for RedCap UE to reduce PDCCH blocking.
Proposal 5: Separate DL BWP for connected RedCap UEs can be used to reduce PDCCH blocking.
Proposal 6: Multi-TB scheduling introduced in beyond 52.6GHz WI can be adopted for RedCap UEs to reduce PDCCH blocking.
[bookmark: _GoBack]Proposal 7: Multi-UE activation of SPS or UL grant Type 2 configuration can be further studied for RedCap UEs to reduce PDCCH blocking
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