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1. [bookmark: _Toc120549591]Introduction
In RAN#97meeting, the WID of R18 RedCap is approved[1], one of the objective including complexity/cost reduction, copied as following. 
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.
· 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.


In this contribution, we give our consideration on UE BB bandwidth reduction and make proposals.
2. Discussion on UE BB bandwidth reduction
According to the WID, for the bandwidth reduction part, BW3 option is adopted, with the following feature, 
· 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.
During previous discussion, one of the discussion point about BW3 is whether it can realize post FFT data buffering.

For BW3, the physical channels and signals other than PDSCH/PUSCH are still allowed to use a BWP up to the 20 MHz bandwidth. Then with same slot PDSCH scheduling, UE has to buffer all the bandwidth for PDSCH reception before successfully decoding PDCCH. This will reduce the buffer cost reduction benefit. 
To realize reduction of post FFT data buffering, two solution are discussed during previous email discussion. 
· Cross-slot PDSCH scheduling
· Pre-define the frequency range of PDSCH scheduling 
Cross-slot scheduling is a feature introduced in R16 UE power saving. If this feature is supported by R18 RedCap, the PRBs used for PDSCH scheduling can be known before the scheduled slot, then UE only needs to buffer the corresponding PRB data. However, scheduling latency will be introduced.  
For the second solution, multiple RB subsets can be configured for each BWP, and they are only used for PDSCH/PUSCH scheduling. The bandwidth of RB subsets is no larger than 5MHz, and only one RB subset is active at the same time. Frequency resource allocation is indicated within active RB subset rather than within active BWP. When the RB subset is known before PDSCH scheduling slot, UE only needs to buffer the data within the RB subset.
And the active RB subset for an active BWP can be dynamically indicated by DCI among the configured multiple RB subsets.As shown in Figure1, 4 RB subsets with 5MHz bandwidth are configured for the BWP. There will be only one RB subset activated by the DCI for each slot. Before DCI changing the RB subset, PDSCH will be only scheduled within the active RB subset. For the example, DCI indicates that RB subset 0 is active in slot n, then in the following slot, PDSCH will be only scheduled within RB subset0, until another RB subset is indicated in slot n+3. 
[image: ]
Figure 1. PDSCH scheduling within RB subset
With DCI based RB subset switching, UE can know in advance which RB subset in the active BWP is active, and the PDSCH or even PUSCH will be only scheduled within the active RB subset. Then UE only needs to buffer the frequency range corresponding to the active RB subset. The post FFT data buffering can be reduced. And, the frequency diversity gain can be maintained since the active RB set is based on channel quality. 
Observation: When RB subset with limited bandwidth is configured for BWP for PDSCH/PUSCH scheduling, and indicated to UE before scheduling, the post FFT date buffering can be reduced.
Proposal 1: RB subsets can be configured within BWP for PDSCH/PUSCH scheduling to reduce post FFT data buffering.
Proposal 2: DCI based RB subset switching is supported to maintain frequency diversity gain.

Another benefit for predefined RB subset is control overhead reduction for frequency resource allocation. 
For BW3, the bandwidth of active BWP for UE can still be up to 20MHz, since control channels and signals are allowed to use a BWP up to the 20 MHz maximum UE RF+BB bandwidth. Then according to current specification, the number of bits for frequency domain field is determined by the active DL bandwidth part.

-	Frequency domain resource assignment – number of bits determined by the following, where  is the size of the active DL bandwidth part:


-	 bits if only resource allocation type 0 is configured, where  is defined in Clause 5.1.2.2.1 of [6, TS38.214], 

-	bits if only resource allocation type 1 is configured, or 

-	 bits if resourceAllocation is configured as 'dynamicSwitch'.
-	If resourceAllocation is configured as 'dynamicSwitch', the MSB bit is used to indicate resource allocation type 0 or resource allocation type 1, where the bit value of 0 indicates resource allocation type 0 and the bit value of 1 indicates resource allocation type 1. 

-	For resource allocation type 0, the LSBs provide the resource allocation as defined in Clause 5.1.2.2.1 of [6, TS 38.214].

-	For resource allocation type 1, the  LSBs provide the resource allocation as defined in Clause 5.1.2.2.2 of [6, TS 38.214] 


Suppose the bandwidth of active DL BWP is 20MHz, SCS=30Khz, and only resource allocation type 1 is configured, then the number of bits for frequency domain resource assignment will be 11 bits. 
Table 1. The number of frequency domain resource assignment bits for 20MHz and 5MHz
	parameters
	20MHz
	5MHz

	Number of PRB
	51
	11

	Bitwidth for FDRA
	11
	7


If the RB subset is configured with 11 RBs, 4bits can be saved. Among the 4 bits, 2 of them can be used for RB subset indication. The remaining 2 bits can be released. As a result, the bitwidth of frequency domain resource assignment field in DCI format 1_X can be reduced.
This can also be used for PUSCH to reduce the bits overhead of DCI format 0_X.
Proposal 3: Using RB subset within BWP for PDSCH/PUSCH scheduling can reduce the control overhead.

Another impacts about BW3 is whether early indication is necessary. According to our understanding, early indication is used for gNB to apply different scheduling strategies for different kinds of UEs. For example, if R18 RedCap UEs cannot correctly decode the downlink common channels that gNB sends to R17 UEs, or if R18 RedCap UEs cannot perform uplink scheduling if the gNB schedules PUSCH with BWP larger than 5MHz, early indication will be needed.
For downlink common channels, SIB1 will be shared for R17 and R18 RedCap UEs. And for other downlink channels, according TR38.865 table 8.2.1-2, Msg2 and Msg4 has larger coverage margin compared to bottle channel PUSCH. So even gNB set a high MCS for Msg2 and Msg4 for R17 RedCap UE for cell edge UEs, the coverage of which is still better than PUSCH, for example for MCS larger than MCS6, Msg4 occupy only less than 11RBs with 14 OSs, R18 RedCap UE can accept the full Msg4. If a low MCS with more than 11RBs are used for Msg.4, even REs out of 11RB will be punctured due to reduced BB bandwidth, R18 RedCap UE can still successfully decode the message with a large probability, since this is equivalent to using a larger MCS to transmit.
Table 2. Part of Table 8.2.1-2 (part 1): In Urban scenario at 2.6GHz with DL 33dBm/MHz PSD, coverage margins for the potential Rel-18 UE with maximum 11-PRB bandwidth compared to the bottleneck channel for the reference NR UE in Table 8.2.1-1 when no UE antenna efficiency loss is assumed for the potential Rel-18 UE.
	Coverage margin (dB)
	Msg2 (BW1, 11 PRBs; TBS 72 bits)
	Msg4 (BW1, 11 PRBs; TBS 1040 bits)

	Representative value 1
	11.25
	6.42

	# of samples 1
	13
	13

	Representative value 2
	11.16
	6.41

	# of samples 2
	14
	14



For uplink transmission of Msg3, even MCS0 of Table 6.1.4.1-1 is used, with spectrum efficiency 0.2344, 14 OS (2 DMRS) ,11 RB can carry a TB size of 370bit. So the scheduling of Msg3 is likely to be within 11RB. And It can support frequency hopping of Msg3 within 20MHz since the RF bandwidth is 20MHz.
And also considering that early indication has been used by quit a few features, such as 2-step RA, slicing, R17 RedCap, CE, etc. It will be further fragmented if early indication is introduced for R18 RedCap. So we don’t think early indication of R18 RedCap is needed for R18 RedCap, but we are open for Msg3 indication if find necessary. 
Proposal 4. Early indication by Msg1 is not supported for R18 RedCap UE.
3. Conclusion
In this contribution, we give our consideration on UE BB bandwidth reduction, and the following observations and proposals are made.
Observation: When RB subset with limited bandwidth is configured for BWP for PDSCH/PUSCH scheduling, and indicated to UE before scheduling, the post FFT date buffering can be reduced.
Proposal 1: RB subsets can be configured within BWP for PDSCH/PUSCH scheduling to reduce post FFT data buffering.
Proposal 2: DCI based RB subset switching is supported to maintain frequency diversity gain.
Proposal 3: Using RB subset within BWP for PDSCH/PUSCH scheduling can reduce the control overhead.
Proposal 4. Early indication by Msg1 is not supported for R18 RedCap UE.
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