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In RAN#86, a new study item named “Reduced capability NR devices” was agreed. As described in the SID [1], the intention is to study a UE feature and parameter list with lower end capabilities, relative to 3GPP Rel.16 eMBB and URLLC, to serve the use cases such as industrial wireless sensors, video surveillances and wearables. One objective to study, among others, is to identify and study potential UE complexity reduction features including:
· Reduced number of UE RX/TX antennas
· UE Bandwidth reduction
· Note: Rel-15 SSB bandwidth should be reused and L1 changes minimized
· Half-Duplex-FDD
· Relaxed UE processing time 
· Relaxed UE processing capability
In this contribution, we provide analysis on each of the UE complexity reduction features, including the potential issues and the high-level solutions for further study.
Discussion
UE bandwidth reduction
The RedCap UE bandwidth shall be settled considering the requirements of at least UE complexity and cost, the data rates and the latency requirements. As described in the SID, the reference bit rate of the RedCap UEs ranges widely from less than 2Mbps for industrial wireless sensors up to DL 150Mbps for high end wearables. This requires up to 20MHz UE bandwidth. Besides, it is required that Rel-15 SSB bandwidth should be reused in RedCap and L1 changes is minimized. Therefore, the minimum BW of the RedCap UEs shall be at least higher than the bandwidth of NR SSB, and furthermore, needs to be higher than or equal to the BW of initial BWP defined by CORESETT0, which has a lowest BW of 24PRBs, such that the RedCap UEs could access the network with full backward compatibility at least in some cases. This results in lowest 5MHz BW with 15kHz SCS to be supported.  On the other hand, it is expected that the UE BW shall be low enough to meet the low-cost requirement. 
We have below proposal, 
[bookmark: _GoBack]Proposal 1: The BW of RedCap UEs shall be higher than 5MHz while no more than 20MHz. The UE shall report the supported channel bandwidth as in legacy. 
As required, the RedCap UEs could detect legacy SSB and acquire the physical cell ID, finish DL synchronization and acquire the MIB information. After that, the UE will detect SIB1, which is scheduled by a DCI transmitted in the configured CORESET0. As specified in [2] (see table 13-1 to table 13-11), the configuration for CORESET0 includes a specific size in frequency domain and in time domain, and a frequency offset relative the first common resource block. Depending on different cases in terms of SSB subcarrier spacing, the PDCCH subcarrier spacing and the minimum system bandwidth, the COREST0 size is selected from a full set or a subset of [24, 48, 96] PRBs in frequency domain, and [1, 2, 3] OFDM symbols in time domain.
Depending on the UE BW and the SCS, the RedCap UEs might not be able to support all the CORESET0 BW, which impacts the initial access. Unfortunately, it is obvious that the network will not configure the COERSET0 size considering only the RedCap UEs, otherwise this puts restrictions on the supporting of the legacy UEs. For example, lower CORESET0 size might result in higher scheduling latency and higher PDCCH blocking rate, which are not expected by the legacy UEs. From high level, the introduction of RedCap UEs shall not impact the legacy UE operations as much as possible.
If the configured CORESET0 BW is higher than the UE BW, the UEs might not be able to detect the SIB1 DCI in CORESET0, given the interleaved CCE-to-REG mapping specified for CORESET0 [3], where the CCEs in one PDCCH candidate is dispersive in frequency domain (related with parameter R=2 as in [3]). As an example, figure 1 illustrates how CCE-to-REG is mapped in the CORESET0 with (48PRB, 2symbol), which consists of 16 REG bundles. The rectangles with same colour in each figure are the REGs in the same REG bundle. n_shift  = 5 in this example.  Table 1 gives the CCEs for each candidate of each aggregation level of search space 0 for PDCCH for SIB1. It is observed that in case the RedCap UE bandwidth is lower than CORESET0 BW, only partial of REG bundles corresponding to the CCEs in any PDCCH candidate are located within the UE BW, no matter from which CCE in CORESET0 the RedCap UEs search for the SIB1 DCI. 
Therefore, if NR-light UEs still detect SIB1 PDCCH in CORESET0 with search space set 0 configurations, it inevitably leads to poor PDCCH detection performance since UE could monitor only partial CCEs of each PDCCH candidate. 
[image: ]
Figure 1 CCE-to-REG mapping for COERSET0 with (48PRB, 2symbol)
Table 1 CCEs for each candidate of each aggregation level, CORESET0 (48PRB, 2symbol)
	[bookmark: _Hlk39741565]AL
	1st candidate
	2nd candidate
	3rd candidate
	4th candidate

	4
	0,1,2,3
	4,5,6,7
	8,9,10,11
	12,13,14,15

	8
	0,1,2,3,4,5,6,7
	8,9,10,11,12,13,14,15
	NULL
	NULL

	16
	0,1,2,3,4,5,6,7, 8,9,10,11,12,13,14,15
	NULL
	NULL
	NULL



To handle these, one scheme might be to introduce a new CORESET0, named as CORESET0A in this contribution, which is dedicated for RedCap UEs, and the SIB1 is scheduled in this CORESET. Then it needs to study how this CORESET0A to be configured. The legacy MIB may not provide the configuration, since there is only 1 spare bit in MIB, and is not enough to do that. There could be two options to solve this issue,
· Option1 is to have the CORESET0A configurations implicitly determined from those for CORESET0. CORESET0A could be either within or outside of COERSET0.
· Option2 is to introduce separate SSB for RedCap UEs, so that there could be separate MIB to provide the configuration. 
The option2 is relatively more flexible on the configurations, but it has higher overhead and is not efficient for the case e.g., only limited number of RedCap UEs are in the system. 
We have below observation and proposal,
Observation 1: RedCap UEs might not be able to detect legacy PDCCH for SIB1 in case the configured CORESET0 size is higher than UE BW.
Proposal 2: Study whether and how to introduce a dedicated CORESET0A for RedCap UEs. The two options below are FFS,
· CORESET0A configurations are determined from those for CORESET0  
· CORESET0A is configured through separate MIB for RedCap UEs
With reduced UE BW, there might be cases that the CORESET configured for RedCap UEs cannot support aggregation levels as high as for legacy UEs (max. AL=16) with the current supported time domain sizes, which are [1,2,3] OFDM symbols. For example, for CORESET for UEs with 24PRB BW, the supported max. aggregation level in the associated search space would be 8 with max. 3 symbol CORESET. This impacts the PDCCH coverage clearly, together with the potentially reduced Rx antennas. The PDCCH performance in such cases might not meet the reliability requirement of some RedCap UEs such as industrial sensors, which is 99.99% as described in the SID. 
To handle this, one straightforward solution is to use PDCCH repetition, which is widely used in LTE. The basic idea is to transmit a same DCI multiple times and the PDCCH detection performance could be improved in UE side through soft combination. Both intra-slot and inter-slot PDCCH repetition could be studied, targeting for different cases. Besides, the study shall consider performance improvement for both USS and CSS. More detailed analysis is in the parallel contribution [4].   
Another candidate solution is to extend the CORESET size in time domain, e.g., allow >3 symbol CORESET in time domain, such that higher aggregation levels could be supported. In this way, REG-to-RE mapping and CCE-to-REG mapping need to be defined for this scheme. In addition, we might need to consider the multiplexing of NR-light UEs and legacy UEs in the design, so that to reduce the PDCCH blocking. More analysis is in the parallel contribution [4].
We have below observation and proposal,
Observation2: With reduced channel BW, PDCCH performance might  not meet the reliability requirement of some RedCap UEs. 
Proposal 3: Study following candidate schemes for improving PDCCH coverage performance,
· Intra-slot and/or Inter-slot PDCCH repetition
· Higher CORESET size in time domain.
Using either intra-slot PDCCH repetition or higher COERSET size in time domain might impact the flexibility of PDSCH time domain resource allocation. Specifically, legacy PDSCH resource allocation type A is not feasible with CORESET size >3 OFDM symbols if PDSCH is scheduled with K0=0, i.e., in same slot with PDCCH. This is because with either intra-slot PDCCH repetition or higher CORESET size, the DMRS for PDSCH have to be put in a starting OFDM symbol with index higher than 3, which is not supported by Type A PDSCH resource allocation, where the DMRS for PDSCH is started from either symbol 2 or symbol 3 depending on the MIB configuration (dmrs-typeA-pos in MIB). 
The gNB could then configure only type B resource allocations, which supports flexible starting OFDM symbol for PDSCH. However, although type B resource allocation has been extended to support also flexible PDSCH duration, only [2,4,7] OFDM symbols duration is supported in the default PDSCH time domain resource allocation table, which applies widely for PDSCH for UEs in initial access procedure and also RRC connected UEs if the UEs are not configured with UE specific PDSCH resource allocation configurations.
We have below observation and proposal,
Observation 3: Using either intra-slot PDCCH repetition or higher COERSET size in time domain might impact the flexibility of PDSCH time domain resource allocation.
Proposal 4: Study whether and how to refine default PDSCH time domain resource allocation to enable flexible PDSCH resource allocation. 
Reduced Tx and RX
In general, reduced number of antennas helps in fulfilling the requirements of low UE complexity and compact UE size, which might be the key factors for e.g., some wearable devices. The Rx antennas could be down to 2Rx, or even 1Rx for some low tier devices, while the number of Tx antennas could be 1. 
With 2Rx antennas, it is FFS if the mandatory 2 MIMO layers can be relaxed. The potentially simplified CSI measurements and reporting can be studied.
Proposal 5: Study the relaxation of mandatory supported MIMO layers and the areas for simplification.  
HD-FDD 
In half-duplex FDD operation, the UE cannot transmit and receive at the same time, therefore it avoids designing complex duplexer in the UE side and then help in reducing the UE cost. UE needs to do frequency retuning and Tx/Rx switching and a guard period is required for this operation. 
In LTE, the HD-FDD UEs do not have a priori information of the uplink and downlink transmission pattern. Instead, the UE checks PDCCH of any subframe which has not been preassigned to uplink transmission. In other words, if any subframe was scheduled for a UL channel, this subframe would be a UL subframe and the UE will therefore not detect PDCCH in it. As defined in [3], for type A HD-FDD operation, which is supported by LTE-1bis UEs and beyond, there should be guard period create by the UE by not receiving the last part of a downlink subframe immediately preceding an uplink subframe from the same UE. 
Similar design could be reused for HD-FDD in NR, and no standard impact is expected. One potential enhancement from implementation is that due to the flexible PDSCH and PUSCH scheduling in terms of starting OFDM symbol and time domain duration, there is no such need as in LTE of not receiving the last several OFDM symbols of a PDSCH before a PUSCH transmission. Besides, it is technically feasible that a slot is bi-directional for HD-FDD UEs, in case there is enough gap period in the slot to fulfill frequency retuning and Tx/Rx switching.
Proposal 6: Study the potential enhancements for HD-FDD UEs and the benefits.
Relaxed processing time and capability
The relaxed PDSCH processing time and the PUSCH preparation time, which might be lower than UE processing capability 1 as defined in [5], helps UE side complexity reduction and cost reduction. On the other hand, this might lead to higher transmission latency, e.g., for HARQ-ACK feedback and PUSCH/PRACH transmission. The related standard impacts need to be studied. 
Proposal 7: Study the standard impacts on the relaxed PDSCH/PUSCH processing capability.  
Conclusions
As a summary, we have the following observations and proposals on UE complexity reduction features,
Observation 1: RedCap UEs might not be able to detect legacy PDCCH for SIB1 in case the configured CORESET0 size is higher than UE BW.
Observation2: With reduced channel BW, PDCCH performance might be deteriorated and cannot meet the reliability requirement of some RedCap UEs. 
Observation 3: Using either intra-slot PDCCH repetition or higher COERSET size in time domain might impact the flexibility of PDSCH time domain resource allocation.
Proposal 1: The BW of RedCap UEs shall be higher than 5MHz while no more than 20MHz. The UE shall report the supported channel bandwidth as in legacy.
Proposal 2: Study whether and how to introduce a dedicated CORESET0A for RedCap UEs. The two options below are FFS,
· CORESET0A configurations are determined from those for CORESET0  
· CORESET0A is configured through separate MIB for RedCap UEs
Proposal 3: Study below candidate schemes for improving PDCCH coverage performance,
· Intra-slot and/or Inter-slot PDCCH repetition
· Higher CORESET size in time domain.
Proposal 4: Study whether and how to refine default PDSCH time domain resource allocation to enable flexible PDSCH resource allocation.
Proposal 5: Study the relaxation of mandatory supported MIMO layers and the areas for simplification.  
Proposal 6: Study the potential enhancements for HD-FDD UEs and the benefits.
Proposal 7: Study the standard impacts on the relaxed PDSCH/PUSCH processing capability.  
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