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1. [bookmark: _Toc120549591]Introduction
In the SID agreed in RAN#86 [1] for support of reduced capability NR devices, one of the objectives is as the following,
Identify and study potential UE complexity reduction features, including [RAN1, RAN2]:  
· 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, considerations on UE complexity reduction features are discussed and proposals are given.
2. Discussion on UE complexity reduction features
In this section, some of the potential UE complexity reduction features and related RAN1 aspects are discussed.
· Reduced number of UE RX/TX antennas
Smaller number of UE TX antennas is useful to reduce UE complexity and UE power consumption, but reducing the RX antennas has less contribution to cost and power saving, especially from 2RX to 1RX. However, reduce the number of TX/RX antennas is useful to decrease the device size. The SID [1] stated generic requirements for device size:
· For most use cases is that the standard enables a device design with compact form factor.
Therefore, when determining the number of TX/RX antennas, not only UE complexity, but also the device size need to be considered.
On the other hand, the downlink coverage is closely related to the RX numbers in UE, so it is proposed that the number of RX/TX antennas should take the complexity, device size and coverage performance into account.
Proposal 1. The number of RX/TX antennas of reduced capability NR devices should take the complexity, device size and coverage performance into account.
When the number of Rx antennas is reduced, for example from 4RX to 2RX or 1RX, the maximum number of DMRS antenna ports will be correspondly reduced. For UEs with 2RX, it is impossible to use three ports DMRS or four port DMRS, therefore some indexes in the DMRS ports indication tables will be invalid, and the number of indication bits may be reduced in DCI to improve the coverage of PDCCH.
· UE Bandwidth reduction
In order to reuse the SSB, the UE bandwidth shall be equal to or larger than the bandwidth of SSB, which is listed in the following table for FR1. As seen from the table, if both 30 kHz and 15 kHz SCS are supported, the UE bandwidth will be larger than 7.2MHz, such as 10MHz. 
However, 10MHz UE bandwidth cannot provide the same aggregation level and control channel capacity as NR eMBB/URLLC. Take {SS/PBCH block, PDCCH} of {30, 30} kHz with minimum 10MHz as an example, see Table 13-4 in TS38.213, if the UE bandwidth is 10MHz, it can only support CORESET#0 size with 24RB*3, then only AL=8 can be supported, while a UE with bandwidth of 20MHz can support 48RB*2, and AL=16 can be supported.
Therefore, for UE bandwidth reduction, the coverage of CSS PDCCH should be considered.
Table.1 bandwidth of SSB and CORESET#0 for different SCS combinations for FR1
	SCS of {SSB, Type0-PDCCH}
	Bandwidth of SSB
	Maximum Bandwidth of CORESET#0

	{15,15}kHz
	3.6MHz
	4.32MHz(24RB), 8.64MHz(48RB), 17.28MHz(96RB)

	{15,30}kHz
	3.6MHz
	8.64MHz(24RB), 17.28MHz(48RB)

	{30,15}kHz
	7.2MHz
	8.64MHz(48RB), 17.28MHz(96RB)

	{30,30}kHz
	7.2MHz
	8.64MHz(24RB), 17.28MHz(48RB)



[bookmark: _GoBack]On the other hand, the bandwidth of initial BWP for eMBB/URLLC devices should also be considered when determining the bandwidth of reduced capability NR devices, since it is likely that the UE with reduced capability will coexist in the same network as eMBB/URLLC devices. For example, supposing that there is one network deployed with one cell defining SSB, and the initial BWP is configured to be 20MHz to provide good coverage and larger capacity for control channel. If the bandwidth of reduced capability NR devices is less than 20MHz, they cannot access the network through the same initial BWP as NR eMBB/URLLC devices, and additional initial BWP with bandwidth no larger than the reduced UE bandwidth is required. On the other hand, whether such initial BWP with smaller bandwidth for reduced capability devices allows accessing of eMBB/URLLC devices also needs to be studied.
Proposal 2. The UE Bandwidth reduction should take the coverage & capacity performance of control channel and the coexistence with eMBB/URLLC devices into account.
· Relaxed UE processing time& processing capability
To enable UE processing time reduction, not only the UE specific timing but also the default TDRA tables may be relaxed. Take SS/PBCH block and CORESET multiplexing pattern 1 as an example, when Type0 common PDCCH, or other common search space and UE specific search space are monitored, and pdsch-TimeDomainAllocationList has not been configured, default PDSCH time domain resource allocation A is used. 
It can be seen from the default table that the default K0 is always 0, that is same slot scheduling is always used for default PDSCH scheduling. When UE processing time capability is reduced, same slot PDSCH can be relaxed to further save UE power consumption. 
Similarly, when default PUSCH time domain resource allocation A is applied, K2 is derived according to table index and j value which is related to SCS, as listed here in table 2 and table 3, and also additional subcarrier spacing specific slot delay value for the first transmission of PUSCH scheduled by the RAR. When UE processing time capability is reduced, for example, another UE processing capability besides UE processing capability 1 and 2 is defined, more slots may be needed for UE to perform PDCCH decoding and PUSCH preparing, some of the row index for default PUSCH time domain resource allocation A may be invalid. 
When new default table is introduced for reduced capability NR devices, and considering coexistence case, both reduced capability and normal devices obtain scheduling information of SIB from the same initial BWP, it is impossible to share the same PDCCH and PDSCH/PUSCH for all or some table indexes of default TDRA table. That is to say, take PDSCH as example, if common PDSCH carring SIB is to be received by reduced capability and normal devices in slot n, their PDCCH will be n-k01, and n-k02 respectively, while k01>k02. 
Therefore, BWP framework is suitable for such case, devices with different capabilities can access the network from different BWPs, where some of the BWPs provide access resources for the devices with reduced capability, and offload UEs, avoiding random access blocking. How to used BWP framework to serve NR light UEs is discussed in our companion contribution [2].

Proposal 3. When relaxed UE processing time is introduced, the default scheduling timing needs further examination. 
Table 2. Default PUSCH time domain resource allocation A for normal CP (Table 6.1.2.1.1-2 in TS 38.214) 
	Row index
	PUSCH mapping type
	
	S
	L

	1
	Type A
	j
	0
	14

	2
	Type A
	j
	0
	12

	3
	Type A
	j
	0
	10

	4
	Type B
	j
	2
	10

	5
	Type B
	j
	4
	10

	6
	Type B
	j
	4
	8

	7
	Type B
	j
	4
	6

	8
	Type A
	j+1
	0
	14

	9
	Type A
	j+1
	0
	12

	10
	Type A
	j+1
	0
	10

	11
	Type A
	j+2
	0
	14

	12
	Type A
	j+2
	0
	12

	13
	Type A
	j+2
	0
	10

	14
	Type B
	j
	8
	6

	15
	Type A
	j+3
	0
	14

	16
	Type A
	j+3
	0
	10


Table 3: Definition of value j (table 6.1.2.1.1-4 of TS 38.214)
	µPUSCH
	j

	0
	1

	1
	1

	2
	2

	3
	3



As to the processing capability, such as modulation order, MIMO layers, buffer size, etc., they highly depend on the required data rate. In the SID, the reference bit rate requirement for the three use cases are summarized here,
Table.4 reference bit rate requirement for the three use cases.
	Use cases
	Reference bit rate

	Industrial wireless sensors
	Less than 2 Mbps

	Video Surveillance
	2-4 Mbps for economic video, 
7.5-25 Mbps for high-end video. 

	Wearables
	10-50 Mbps in DL and minimum 5 Mbps in UL.
Peak bit rate: 150 Mbps for downlink and 50 Mbps for uplink.


It can be seen from the table that, the reference data rate requirements can be divided into two categories, set 1 is for low data rate, such as several Mbps, and the other one set 2 is for high data rate, such as tens of Mbps. The above discussed reduced UE capabilities can also divided into low and medium UE capabilities compared to the eMBB/URLLC devices to match the two kinds of data rate, and at the same time the low UE capability can correspond to a smaller device size. Therefore, limited UE capability sets, such as two sets are preferred to satisfy the NR light requirement, since the more diverse the device capabilities, the higher the standard complexity.  
The following tables provide peak data rate for configuration of DL:UL=4:1, with downlink modulation order of 64QAM and 256QAM, respectively. It can be seen that to achieve the peak data rate of 150 Mbps for downlink and 50 Mbps for uplink, set 2 needs at least 20MHz bandwidth and may be 256QAM, and two layers for uplink may also be required if served by macro network which characterized by DL heavy traffic to achieve uplink peak data rate requirement.
For the set 1 lower capability, smaller bandwidth is possible, but the coverage performance should be considered.
Table 5. Peak data rate for different bandwidths (Mbps), with DL:UL=4:1
	SCS(KHz)
	30KHz
	15KHz

	Bandwidth(MHz)
	100
	20
	10
	5
	20
	10
	5

	DL(Mbps)
	698
	130.5
	61.4
	28.2
	135.6
	66.5
	32

	UL(Mbps)
	94.6
	17.7
	8.3
	3.8
	18.4
	9
	4.3


				Note：64QAM, 1 symbol DMRS for DL and UL，2layers for DL, 1layer for UL. 1symbol CORESET for DL.
Table 6. Peak data rate for different bandwidths, with DL:UL=4:1
	SCS(KHz)
	30
	15

	Bandwidth(MHz)
	100
	20
	10
	5
	20
	10
	5

	DL(Mbps)
	931.7
	174.1
	81.9
	37.5
	180.9
	88.7
	42.7

	UL(Mbps)
	94.6
	17.7
	8.3
	3.8
	18.4
	9
	4.3


				Note：256QAM, 1 symbol DMRS for DL and UL，2layers for DL, 1layer for UL. 1symbol CORESET for DL.
Proposal 4. At most two capability sets are preferred for the UEs with reduced capability.
Proposal 5. At least 20MHz UE bandwidth is required for one set of UEs with reduced capability to achieve high peak data rate.

3. Conclusions
In this contribution, considerations on UE complexity reduction are discussed, and the following proposals are made.
Proposal 1. The number of RX/TX antennas of reduced capability NR devices should take the complexity, device size and coverage performance into account.
Proposal 2. The UE Bandwidth reduction should take the coverage & capacity performance of control channel and the coexistence with eMBB/URLLC devices into account.
Proposal 3. When relaxed UE processing time is introduced, the default scheduling timing needs further examination.
Proposal 4. At most two capability sets are preferred for the UEs with reduced capability.
Proposal 5. At least 20MHz UE bandwidth is required for one set of UEs with reduced capability to achieve high peak data rate.
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