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Introduction
This document discusses the UE complexity reduction for Rel-18 eRedCap. The following topics are discussed. Peak data rate reduction and early indication are not in the scope until RAN #98 but these are described just to share our view.
UE BB bandwidth reduction
Peak data rate reduction
Separate early indication

The new WID [1] describes following objective:
	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.
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#98-e regarding:
· Whether UE peak data rate reduction for UE is limited only with UE BB bandwidth reduction or standalone
· Whether or not/how a separate early indication can be supported
· Other restrictions of the WI (e.g., connectivity restrictions, band, etc.)



Discussion
UE BB bandwidth reduction
In RAN #97-e, there was a discussion to down-select one of the following options for complexity reduction defined in the TR [2]:
Option BW3: 5 MHz BB bandwidth only for PDSCH (for both unicast and broadcast) and PUSCH with 20 MHz RF bandwidth for UL and DL. The resource allocation spans a bandwidth of maximum 5 MHz.
Option PR3: Restriction of maximum number of PRBs for PDSCH and PUSCH. The resource allocation spans a bandwidth of maximum 20 MHz (maximum UE channel bandwidth).

After the discussion, the WID included the objective based on the Option BW3 but not exactly same as the BW3 definition in the TR [2]. The description of "the resource allocation spans a bandwidth of maximum 5 MHz" in BW3 is not captured. It needs to discuss whether the distributed resource allocation across maximum 20 MHz (the characteristic of the Option PR3) is supported or not. 

PDSCH
For PDSCH, the following Options would be candidates:
Option BW3 with specific scheduling restriction
Option PR3

We support Option PR3 for PDSCH based on the discussion below:
Option BW3 with scheduling restriction
The difference between Option BW3 and Option PR3 is whether the post-FFT buffering can be reduced or not. The post-FFT buffering can be reduced by fast DCI decoding implementation, but it does not contribute to the comparison between Option BW3 and PR3 as the gain is equally applicable. For the specific scheduling restrictions, there are following candidates:
· PDSCH FDRA is restricted within pre-defined/configured contiguous 5 MHz. By this, the post-FFT buffering can be only within that 5 MHz.
· PDSCH TDRA is always cross-slot. By this, the post-FFT buffering can be only within contiguous 5 MHz even if DCI decoding takes one slot processing.
Such scheduling restrictions would have a substantial impact on the scheduling flexibility of PDSCH including the SIBs/paging/Msg2/4. Thus, we have the concern on the impact to the legacy UEs if those channels are shared (reused) between eRedCap UEs and the other UEs. Always mandating dedicated the SIBs/paging/Msg2/4 for eRedCap UEs results in the resource overhead, which we have concern as well. The complexity reduction gain of post-FFT buffer reduction (compared with Option PR3) is not so significant. The gain by the scale of economy from reasonable design of eRedCap would be more significant. Therefore, having the trade-off between resource efficiency and cost reduction of post-FFT buffer, we do not prefer this option.

Comparison of Option BW3 with scheduling restriction and Option PR3
Without the specific scheduling restriction above, the post-FFT buffering cannot be reduced. Besides, Option PR3 can support distributed allocation across maximum BW 20 MHz. Thus, there are more benefit by scheduling flexibility compared with Option BW3 allowing mapping only within 5 MHz. According to our evaluation below, the frequency diversity gain itself is marginal. Considering the scheduling flexibility and overhead reduction as the argument, we propose that Option PR3 is adopted for PDSCH.

[Evaluation]
To compare the performance between Option BW3 and PR3, the link-level evaluation was conducted for PDSCH SIB1 for the eRedCap UE. The Table 1 shows the assumptions:
[bookmark: _Ref115432469]Table 1: Evaluation assumptions
	
	Option BW3
	Option PR3

	BWP BW
	20 MHz

	VRB mapping index
	0-24 for Rural: 0.7 GHz SCS 15kHz (25 RBs)
0-10 for Urban: 2.6 GHz SCS 30 kHz (11 RBs)

	VRB-to-PRB interleaving
	Disabled: PRB allocation is within contiguous 5 MHz
	Enabled: PRB allocation is distributed across 20 MHz



The Table 2 shows the obtained results. The metric is required SNR for 10% BLER. Option PR3 with PRB allocation distributed across 20 MHz marked 0.5 dB better performance than Option BW3 because of frequency diversity gain. The detailed assumptions and results are found in the Appendix.
[bookmark: _Ref115432498]Table 2: Evaluation results in required SNR for 10% BLER
	
	Option BW3
	Option PR3

	Rural SCS 15 kHz
	2.7
	2.2

	Urban SCS 30 kHz
	7.9
	7.4



[bookmark: PDSCH]Proposal 1:	For PDSCH, the distributed resource allocation across maximum 20 MHz should be allowed (adopt Option PR3).

1.1.1.1 PDSCH for SIBs/paging/Msg2/4
As mentioned above, whether PDSCH for SIBs/paging/Msg2/4 can be shared or not between eRedCap UEs and the other UEs would require discussion. We listed the potential impact for each situation in the Table 3:
[bookmark: _Ref115271431]Table 3: Potential impact for each situation related to PDSCH of SIBs/paging/Msg2/4
	
	The PDSCH can be shared with eRedCap UEs
	The PDSCH is NOT shared with eRedCap UEs.

	PDSCH of SIBs/paging/Msg2/4 for other than eRedCap UE is more than 25/11 RBs for Option PR3, or

PDSCH of SIBs/paging/Msg2/4 for other than eRedCap UE is wider than contiguous 5 MHz for Option BW3
	eRedCap UE needs to puncture some PRBs. PDSCH performance is impacted.

Another behavior is to receive partial part of PDSCH in one transmission and to perform soft-combing over multiple transmissions. Such operation is difficult/inefficient for paging/Msg2/4.
	The dedicated resource is needed for eRedCap UEs. Resource overhead is increased.

For Msg2/4, further separation of early indication for eRedCap is required.
For paging, significant standardization effort is required in RAN2.

When the number of RB is reduced, the PDSCH performance for other than eRedCap UEs can be impacted compared with 20 MHz transmission.

	PDSCH of SIBs/paging/Msg2/4 for other than eRedCap UE is within 25/11 RBs for Option PR3, or

PDSCH of SIBs/paging/Msg2/4 for other than eRedCap UE is within contiguous 5 MHz for Option BW3
	The PDSCH performance for other than eRedCap UEs can be impacted compared with 20 MHz transmission.
	



We propose it is allowed that the PDSCH for SIBs/paging/Msg2/4 can be shared between eRedCap UE and other UEs to avoid resource overhead. For SIB1/Msg2/4 received within limited PRBs, the TR [2] showed that coverage margin from the reference UE’s bottleneck channel is almost positive for the identified scenarios/cases. Our understanding is evaluation result in TR can represent the other common channel case like OSI/paging. Thus, the impact for the cell coverage is not so significant. If SIBs/paging reduced PDSCH performance is really concern for the initial access latency for the shared operation between eRedCap and the other, the network can bar the access from eRedCap UEs for this cell. For Msg2/4 reduced PDSCH performance is the concern, early indication can be discussed.

[bookmark: SIB]Proposal 2:	It should be allowed that PDSCH for SIBs/paging/Msg2/4 is shared between eRedCap UEs and other UEs.

PUSCH
For PUSCH, such scheduling restriction as discussed for PDSCH does not matter to complexity reduction related to the buffer as there are processing time after DCI scheduling to PUSCH transmission. In uplink, especially in the cell edge, distributed transmission is not so meaningful because of poor channel estimation. To use non-contiguous resource allocation increases PAPR/CM, which reduce the coverage. Therefore, the majority of the usage is contiguous allocation and to support non-contiguous resource allocation only within 20MHz does not contribute to the scheduler flexibility. Considering these aspects, we propose only to support allocation within contiguous 5 MHz, i.e. Option BW3.

In order to further reduce UE complexity, we considered a possibility that the waveform supported by eRedCap UE is limited only to DFT-s-OFDM since the majority of the usage for PUSCH is contiguous allocation as discussed above. But it could have the backward compatibility issue to legacy gNBs operation as some gNBs may support only CP-OFDM. Therefore, both CP-OFDM and DFT-s-OFDM should mandatorily be supported for PUSCH by eRedCap as well as the other UEs.

[bookmark: PUSCH]Proposal 3:	For PUSCH, the resource allocation should be within contiguous 5 MHz (adopt Option BW3).
Proposal 4:	For PUSCH, both CP-OFDM and DFT-s-OFDM should mandatorily be supported by eRedCap UEs.


UE peak data reduction
In the WID [1], the relaxation of the constraint for (vLayers·Qm·f) [3] was included. We propose this technique should be used as an add-on to the UE BW reduction technique in this WID. We see that the standalone UE peak data rate reduction is proposed to realize LTE-NR dual mode terminal with reduced complexity, and such a terminal would be attractive considering the market situation of LTE. On the other hand, it is not the scope of this WI.

[bookmark: PR1_addon]Proposal 5:	The relaxation of the constraint for (vLayers·Qm·f) should be used as an add-on to the UE BW reduction technique, not standalone in this WID.

The Table 4 shows the supported max data rate for FR1 DL, calculated based on §4.1.2 [3], where the limited number of RB is assumed. To support target peak data rate 10 Mbps [1], (vLayers·Qm·f) needs to be 3 (or more). Relaxation less than 3 would result in the existence of an eRedCap UE not supporting peak 10 Mbps, which is not desired. Therefore, the minimum acceptable value for vLayers·Qm·f is 3.
[bookmark: _Ref115271482]Table 4: Calculation of supported peak data rate for FR1 DL
	
	vLayers·Qm·f
	Supported max data rate [Mbps]

	NRB: 25
SCS: 15 kHz
	1
	3.34

	
	2
	6.69

	
	3
	10.03

	NRB: 11
SCS: 30 kHz
	1
	2.94

	
	2
	5.89

	
	3
	8.83



[bookmark: PR1_value]Proposal 6:	The relaxed constraint for (vLayers·Qm·f) is 3 (instead of 4).


Early indication
Early indication via Msg1
As discussed above, we propose that PDSCH for Msg2 can be shared between RedCap and eRedCap UEs. In this case, early indication via Msg1 should also be allowed to be shared between RedCap UEs and eRedCap UEs. In other words, further separation of Msg1 between RedCap and eRedCap would not be needed. If further separation is to be introduced, RO capability for separation and scheduling restriction applied to eRedCap etc. should be considered. In any case, this aspect can be discussed later when more difference between RedCap and eRedCap is concluded.

Early indication via Msg3
Early indication via Msg3 can be discussed in RAN2 after more eRedCap functions are stabilized.

Conclusion
Regarding UE BB reduction:
Proposal 1:	For PDSCH, the distributed resource allocation across maximum 20 MHz should be allowed (adopt Option PR3).
Proposal 2:	It should be allowed that PDSCH for SIBs/paging/Msg2/4 is shared between eRedCap UEs and other UEs.
Proposal 3:	For PUSCH, the resource allocation should be within contiguous 5 MHz (adopt Option BW3).
Proposal 4:	For PUSCH, both CP-OFDM and DFT-s-OFDM should mandatorily be supported by eRedCap UEs.

Regarding peak data reduction:
Proposal 5:	The relaxation of the constraint for (vLayers·Qm·f) should be used as an add-on to the UE BW reduction technique, not standalone in this WID.
Proposal 6:	The relaxed constraint for (vLayers·Qm·f) is 3 (instead of 4).
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Appendix: Evaluation on PDSCH SIB1
Table 5: General assumptions
	Scenario
	Rural
	Urban

	Freq [GHz]
	0.7
	2.6

	Duplex
	FDD
	TDD

	SCS [kHz]
	15
	30

	Channel model
	TDL-C

	Delay spread
	300 ns

	UE velocity
	3 km/h

	gNB antenna
	1 Tx



Table 6: Mapping assumptions
	
	Option BW3
	Option PR3

	BWP BW
	20 MHz

	#Symbols
	12

	Payload [bits]
	1256

	Additional DMRS
	pos2

	HARQ
	Disabled

	Channel estimation
	Realistic

	VRB mapping index
	0-24 for Rural: 0.7 GHz SCS 15kHz (25 RBs)
0-10 for Urban: 2.6 GHz SCS 30 kHz (11 RBs)

	VRB-to-PRB interleaving
	Disabled: PRB allocation is within contiguous 5 MHz
	Enabled: PRB allocation is distributed across 20 MHz



Results:

Figure 1: BLER results for Rural, SCS=15 kHz, 25 RBs


Figure 2: BLER results for Urban, SCS=30 kHz, 11RBs
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