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Introduction 
Work item for Enhanced support of reduced capability NR devices have been agreed in [1]. In this contribution we discuss the UE RF specification impacts based on the work item objectives as well as agreements reached in RAN1.


Discussion

Work item objectives from [1] are reproduced below.Power saving/energy efficiency enhancements
· Enhanced eDRX in RRC_INACTIVE (>10.24s) [RAN2, RAN3, RAN4]
· Note that this objective requires SA2, CT1 and CT4 involvement
Complexity/cost reduction
· Further reduced UE complexity in FR1 [RAN1, RAN2, RAN4]
· UE BB bandwidth reduction
· 5 MHz BB bandwidth only for PDSCH (for both unicast and broadcast) and PUSCH, with 20 MHz RF bandwidth for UL and DL
· The other physical channels and signals are still allowed to use a BWP up to the 20 MHz maximum UE RF+BB bandwidth.
· Support additional separate early indication(s) [RAN1, RAN2]
· UE peak data rate reduction
· Relaxation of the constraint (vLayers·Qm·f ≥ 4) for peak data rate reduction
· The relaxed constraint is, e.g., 1 (instead of 4).
· The parameters (vLayers, Qm, f) can be as in Rel-17 RedCap.
· Both 15 kHz SCS and 30 kHz SCS are supported.
· Aim to define at most one Rel-18 RedCap UE type for further UE complexity reduction.
· The existing UE capability framework is used, and changes to capability signalling are specified only if necessary. By default, all UE capabilities applicable to a Rel-17 RedCap UE are applicable unless otherwise specified.
Notes:
· The work defined as part of this WI is not to overlap with LPWA use cases. 
· Coexistence with non-RedCap UEs and Rel-17 RedCap UEs should be ensured.
· This WI considers all applicable duplex modes unless otherwise specified.
Check in RAN#99 regarding:
· Whether UE peak data rate reduction for UE is limited only with UE BB bandwidth reduction or standalone




In RAN#99, further proposal was endorsed in [2] as captured below


Rel-18 eRedCap UE capable of 20MHz + PR1 and Rel-18 eRedCap UE capable of BW3/PR3 + PR1 are designed/targeted to same peak data rate, i.e., 10Mbps

Note 1: Peak data rate of "Rel-18 eRedCap: UE capable of 20MHz + PR1" and "Rel-18 eRedCap: UE capable of BW3/PR3 + PR1" is same including unicast and broadcast respectively.
Note 2: PRB processing capability of "Rel-18 eRedCap: UE capable of 20MHz + PR1" is not limited to "25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS" and it corresponds to PRB size corresponding to 20 MHz.
Note 3: The only difference between "Rel-18 eRedCap: UE capable of 20MHz + PR1" and "Rel-18 eRedCap: UE capable of BW3/PR3 + PR1" is Note 2 and vLayers·Qm·f   in order to have the same peak rate.
Note 4: The initial access procedure of Rel-18 eRedCap UE capable of 20MHz + PR1 is realized by following:
· Same as Rel-18 eRedCap UE capable of BW3/PR3 + PR1


It can be seen from the WID objectives previous agreements reached so far, that there is limited amount specification impact for RF. RF channel bandwidth can extend to 20 MHz similar to Rel-17 RedCap and the main aspect is to capture the baseband bandwidth reduction impacts.
Compared to the discussion in previous RAN4 meeting on the UEs with bandwidth reduction, based on RAN agreement [2] second UE type is now considered without any bandwidth reduction. That is, both Tx and Rx can cover 20 MHz channel bandwidth. However, both UE types are restricted to peak data rate of 10 Mbps.
For UE without bandwidth reduction, Rel-17 requirements can be applied as long as peak data rate does not exceed 10 Mbps. For Tx requirements we consider this to mean that core RF requirements can cover all RB allocations similar to Rel-17, but in test case selection in RAN5 only cases which do not exceed the Tput rate are used. For Rx requirements reference channels cannot exceed 10 Mbps peak rate. 
Observation 1: Rel-17 RedCap RF requirements can be directly applied for UE without bandwidth reduction as long as peak data rate does not exceed 10 Mbps.
DL reference channels are captured in Annex A.3 of TS 38.101-1. It can be observed that FRC using QPSK and 1/3 coding rate do not exceed 10 Mbps peak rate in up to 20 MHz RF channel bandwidths. However, FRC for maximum input level for 64QAM has peak rate per slot exceeding 10 Mbps. The relevant FRC table is copied below for convenience.
Table A.3.2.3-1 Fixed reference channel for maximum input level receiver requirements (SCS 15 kHz, FDD, 64QAM)
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	5
	10
	15
	20
	25
	30
	40
	50

	Subcarrier spacing
	kHz
	15
	15
	15
	15
	15
	15
	15
	15

	
Subcarrier spacing configuration 
	
	0
	0
	0
	0
	0
	0
	0
	0

	Allocated resource blocks
	
	25
	52
	79
	106
	133
	160
	216
	270

	Subcarriers per resource block
	
	12
	12
	12
	12
	12
	12
	12
	12

	Allocated slots per Frame
	
	8
	8
	8
	8
	8
	8
	8
	8

	MCS Index
	
	24
	24
	24
	24
	24
	24
	24
	24

	MCS Table for TBS determination
	64QAM

	Modulation
	
	64 QAM
	64 QAM
	64 QAM
	64 QAM
	64 QAM
	64 QAM
	64 QAM
	64 QAM

	Target Coding Rate
	
	3/4
	3/4
	3/4
	3/4
	3/4
	3/4
	3/4
	3/4

	Maximum number of HARQ transmissions
	
	1
	1
	1
	1
	1
	1
	1
	1

	Information Bit Payload per Slot
	
	
	
	
	
	
	
	
	

	  For Slots 0,1
	Bits
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	  For Slots 2,3,4,5,6,7,8,9
	Bits
	12296
	25608
	38936
	52224
	64552
	77896
	106576
	131176

	Transport block CRC
	Bits
	24
	24
	24
	24
	24
	24
	24
	24

	LDPC base graph
	
	1
	1
	1
	1
	1
	1
	1
	1

	Number of Code Blocks per Slot
	
	
	
	
	
	
	
	
	

	  For Slot 0,1
	CBs
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	  For Slots 2,3,4,5,6,7,8,9
	CBs
	2
	4
	5
	7
	8
	10
	13
	16

	Binary Channel Bits per Slot
	
	
	
	
	
	
	
	
	

	  For Slot 0,1
	Bits
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	  For Slots 2,3,4,5,6,7,8,9
	Bits
	16200
	33696
	51192
	68688
	86184
	103680
	139968
	174960

	Max. Throughput averaged over 1 frame
	Mbps
	9.837
	20.486
	31.149
	41.779
	51.642
	62.317
	85.261
	104.941

	NOTE 1:	Additional parameters are specified in Table A.3.1-1 and Table A.3.2.1-1.
NOTE 2:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).
NOTE 3:	SS/PBCH block is transmitted in slot 0 of each frame
NOTE 4:	Slot i is slot index per frame



As 2 of the 10 slots do not carry payload, the Tput per slot for the remaining 8 slots is higher than 10 Mbps.
Observation 2: Reference channels using QPSK with 1/3 coding rate do not exceed 10 Mbps peak rate in up to 20 MHz RF channel bandwidths.
Observation 3: FRC for maximum input level for 64QAM exceeds 10 Mbps peak rate even for 5 MHz channel.
Therefore, existing FRC for maximum input level cannot be applied for eRedCap.
Observation 4: Existing FRC for maximum input level cannot be applied for eRedCap.
There are two possibilities two resolve the situation. First option would be to lower the modulation order and therefore reduce the Tput. However, we see that reducing the modulation order would make the test less relevant and no longer addressing the deployment scenario where such high input level may occur. 
Second option would be to reduce the PDSCH RB allocation while keeping 64QAM modulation order. This is our preferred option, as it maintains high modulation order which is relevant for the test purpose. This would mean that one new FRC would need to be specified, and this FRC could be applied for all RF channel bandwidths from 5 to 20 MHz and for both UE types. Details of the FRC can be refined further once RAN1 has progressed with potential further restrictions e.g. on maximum transport block size which may further impact the FRC design.
Proposal 1: Specify one new FRC with 64QAM modulation order and less than 25 PRB PDSCH allocation size for maximum input level and to be applied to both UE types. The detailed FRC parameters to be worked on once RAN1 design is further along.




For DL requirements, Rel-17 RedCap and also regular NR face situations in the field where DL signal is not covering the full RF channel. However, the reference channels used for specifying minimum requirements assume fully allocated channel. Some work is needed to select appropriate DL RB allocation for eRedCap requirements for the bandwidth restricted UE. The need for new refsens requirements is captured also in agreed WF from RAN4#106 [3]. It should be noted that this work is needed only for the UE type with bandwidth reduction.
Observation 5: Further work for UL and DL PRB placement in reference sensitivity and blocking tests is required only for the UE type with bandwidth reduction.
In Figure 1 we have drawn examples of possible RB allocations.
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Figure 1: Example possibilities for RB allocations for DL requirements

Assuming contiguous PRB allocation is used, the requirements can become more stringent than Rel-17 RedCap requirements in case PRBs at channel edge are used. When Rx RBs would be allocated as close as possible to Tx, Tx non-linearities and noise will have stronger impact. The magnitude of the impact is operating band specific.
If the channel edge furthest away from Tx is used, similar effect is present due to the non-linearities and noise caused by the Rx interferer. Therefore neither case 1 nor 2 in Figure 1 can be used without detailed analysis on receiver impacts. 
A third option would be to place the RBs in the middle of RF channel. This has the following benefits:
· Tx-Rx frequency separation stays the same as in Rel-17
· No excessive leakage from neither jammer signals nor own Tx is present
Therefore, we suggest to adopt case 3. Despite this, some further reference sensitivity degradation may need to be allowed for bands with narrow duplex spacing. For example, band n71 uses only 20 RB UL allocation in refsens test.

Proposal 2: Consider placing both Tx and Rx RB allocations in the middle of the RF channel in RF requirements for bandwidth limited UE type

Proposal 3: Rx requirements of eRedCap UE shall not be more stringent than RedCap or NR UE requirements. This shall be taken into account in Tx and Rx RB frequency location in receiver tests.


Conclusions

In this contribution eRedCap RF specification impact was discussed. Following observations and proposals were made.

Observation 1: Rel-17 RedCap RF requirements can be directly applied for UE without bandwidth reduction as long as peak data rate does not exceed 10 Mbps.
Observation 2: Reference channels using QPSK with 1/3 coding rate do not exceed 10 Mbps peak rate in up to 20 MHz RF channel bandwidths.
Observation 3: FRC for maximum input level for 64QAM exceeds 10 Mbps peak rate even for 5 MHz channel.
Observation 4: Existing FRC for maximum input level cannot be applied for eRedCap.
Observation 5: Further work for UL and DL PRB placement in reference sensitivity and blocking tests is required only for the UE type with bandwidth reduction.

Proposal 1: Specify one new FRC with 64QAM modulation order and less than 25 PRB PDSCH allocation size for maximum input level and to be applied to both UE types. The detailed FRC parameters to be worked on once RAN1 design is further along.
Proposal 2: Consider placing both Tx and Rx RB allocations in the middle of the RF channel in RF requirements for bandwidth limited UE type
Proposal 3: Rx requirements of eRedCap UE shall not be more stringent than RedCap or NR UE requirements. This shall be taken into account in Tx and Rx RB frequency location in receiver tests.
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