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[bookmark: _Ref521334010]Introduction
In Rel-17, a new type of UE with reduced capability, i.e. RedCap UE, was introduced to support scenarios with middle transmission requirements, such as industrial sensors, video surveillance, and wearables. To further expand the market for RedCap use cases with relatively low cost, low energy consumption, and low data rate requirements, further complexity reduction is considered in Rel-18. After a short study phase, a new WID was approved in RAN#97-e to continue reducing UE complexity for RedCap UE in Rel-18, a.k.a. eRedCap. The WID is further updated in RAN#98-e [1]. 
In this contribution, we provide our views on these potential solutions for Rel-18 RedCap evolution. In addition, we analyze coexistence issue between Rel-18 RedCap UE, non-RedCap UE and Rel-17 RedCap UE. 
Discussion
[bookmark: _Ref101701747]UE BB bandwidth reduction
[bookmark: _Ref125971191]Maximum number of PRBs
Regarding the maximum number of PRBs, the following agreement was achieved in RAN1#111 [4]:
	Agreement
For UE BB bandwidth reduction, for PUSCH, down-select between the following options for the maximum number of PRBs that the UE can transmit per slot or per hop, if applicable:
· Option 3: 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS
· Option 4: 25 PRBs for 15 kHz SCS and 11 PRBs for 30 kHz SCS
For UE BB bandwidth reduction, for PDSCH (for both unicast and broadcast), down-select between the following options for the maximum number of PRBs that the UE can process per slot:
· Option 3: 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS
· Option 4: 25 PRBs for 15 kHz SCS and 11 PRBs for 30 kHz SCS
Same option will be selected for both PDSCH and PUSCH.


The two options come from two assumptions in the coverage evaluation during SI phase [2]. Specifically, Option 4 is inspired from the PRB number when both RF and BB is 5 MHz, as specified in TS 38.101-1 [3]. However, for Rel-18 RedCap UE, only the BB bandwidth for PDSCH/PUSCH is restricted in 5 MHz, while the RF bandwidth is kept as 20 MHz. It is obvious that RAN4 definition on PRB number of 5 MHz transmission bandwidth (in RF) is not some kind of Golden Rule to follow. More specifically, RAN4’s definition reserves over-large number of edge PRBs as guardband for 5 MHz RF. This is not suitable for Rel-18 RedCap UE, which can be configured with a BWP of 20 MHz.
Observation 1: Rel-18 RedCap UE can be configured with a BWP of 20 MHz. The PRB number of 5 MHz BWP is not justified for Rel-18 RedCap UE.
Note that, we already agreed sharing broadcast channels and paging channel larger than 5 MHz between Rel-18 RedCap UEs and other UEs. More allocable PRB number will naturally improves the performance of broadcasting channels and paging channel for Rel-18 RedCap UE.
Observation 2: Larger maximum PRB number benefits the sharing of broadcasting channels and paging channel, and thus better co-existence performance can be achieved.
If Option 4 is adopted, the allocable PRB number will be no more than 11. What’s worse, for the case when DFT-s-OFDM waveform is used, the allocated PRB number must be multiple of 2, 3 or 5, as captured in TS 38.211 [6]. Hence, only 10 PRBs can be used in this case, which further reduce the actual bandwidth of Rel-18 RedCap UE to 3.6 MHz unnecessarily. 
Observation 3: Option 4 will further limit the bandwidth of Rel-18 RedCap UE to 10 PRBs for DFT-s-OFDM waveform when SCS is 30 kHz eventually. 
Due to the reasons above, we prefer Option 3 for Rel-18 RedCap UE BB bandwidth reduction. This should be applied to both PDSCH and PUSCH.
Proposal 1: For UE BB bandwidth reduction, for both PDSCH and PUSCH, Option 3 is adopted for the maximum number of PRBs:
· Option 3: 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.
[bookmark: _Ref115040410]Restricting the bandwidth of PDSCH
The following conclusions and agreements were reached in RAN1#111 regarding PDSCH reception [4]:
	Conclusion
For UE BB complexity reduction, for broadcast and unicast PDSCH, RAN1 does not assume that the UE post-FFT buffer size per slot is smaller than 20 MHz.
Agreement
From RAN1 perspective, for UE BB complexity reduction, for paging channel (PDSCH) to Rel-18 RedCap UEs, allow the scheduling of paging channel to be larger than 5 MHz (as in legacy operation). 
Agreement
· For UE BB complexity reduction, a UE is able to receive a DL assignment in a DCI with a unicast PDSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot.
· The number of PRB scheduled in DCI is not larger than the maximum number of PRB agreed in previous agreement from 110b-e.
Conclusion
For UE BB complexity reduction, broadcast of separate SIB1/OSI (PDSCH) to Rel-18 RedCap UEs is not supported.
 Agreement
For UE BB bandwidth reduction, for RAR (PDSCH) to Rel-18 RedCap UEs, the scheduling of RAR PDSCH is allowed to be larger than the maximum number of unicast PRBs that the UE can process per slot.
· When the scheduling of RAR PDSCH is within the maximum number of unicast PRBs that the UE can process per slot, the legacy time between RAR reception and Msg3 transmission (not smaller than NT,1 + NT,2 + 0.5 ms) is applied.
· When the scheduling of RAR PDSCH is larger than the maximum number of unicast PRBs that the UE can process per slot,
· The UE receives the RAR and correspondingly transmits Msg3 if the TDRA for Msg3 in UL grant in RAR indicates that the time between RAR reception and Msg3 transmission is NOT smaller than NT,1 + NT,2 + 0.5 + X ms.
· FFS: value(s) of X
· Otherwise, the UE behavior is up to the UE implementation.
· Note: it does not mean early indication is needed
Note: it will not be used as example for unicast PDSCH


It was agreed that unicast PDSCH follows the PRB number restriction of PR3, and no restriction for broadcasting channel that does not require any feedback. One remaining issue is the exact value of X (ms) for the minimum time between RAR PDSCH and Msg3, i.e. NT,1 + NT,2 + 0.5 + X ms. According to TS 38.213, NT,1 implies the required processing time for RAR PDSCH, and NT,2 implies the required preparation time for Msg3 PUSCH [8].
	The UE may assume a minimum time between the last symbol of a PDSCH reception conveying a RAR message with a RAR UL grant and the first symbol of a corresponding PUSCH transmission scheduled by the RAR UL grant is equal to  msec, where  is a time duration of  symbols corresponding to a PDSCH processing time for UE processing capability 1 when additional PDSCH DM-RS is configured,  is a time duration of  symbols corresponding to a PUSCH preparation time for UE processing capability 1 [6, TS 38.214] and, for determining the minimum time, the UE considers that  and  correspond to the smaller of the SCS configurations for the PDSCH and the PUSCH. For , the UE assumes  [6, TS 38.214].


It is expected that X comes from additional processing time for RAR PDSCH when it is larger than ~5 MHz bandwidth. Theoretically, the larger bandwidth is allocated to RAR PDSCH, the longer processing time may be required. In the worst case, X may be equivalent to 3*NT,1 to deal with the exceeded 15 MHz RAR PDSCH at most, i.e. ~3 ms for µ=0 and ~1.5 ms for µ=1 [9]. However, the processing time may not increase linearly with the RAR PDSCH bandwidth. For example, channel estimation based on DMRS may be done only once, thus processing a 10 MHz RAR PDSCH does not double the time duration than processing a 5 MHz RAR PDSCH. For another example, there may be no difference between processing 8 MHz and processing 9 MHz RAR PDSCH. Also, a varying restriction time is too complex if it becomes conditional with other factors like the scheduling bandwidth of RAR PDSCH. A single value of X is preferred. 
In summary, we suggest a single value X=1 for this case, which achieves a good trade-off between UE processing delay and network scheduling restriction. 
Proposal 2: When the scheduling of RAR PDSCH is larger than the maximum number of unicast PRBs that the Rel-18 RedCap UE can process per slot, for the reference time restriction NT,1 + NT,2 + 0.5 + X (ms), the value of X is 1.
FDRA optimization
For DL, as concluded in the last meeting, it is reasonable to assume 20 MHz for the post-FFT data buffering of Rel-18 RedCap UE. Besides, in RAN1#110bis-e, it was already agreed that Rel-18 RedCap UE should support sharing broadcasting channels that larger than 20 MHz. Therefore, it is not expected to create any difference between Rel-18 RedCap UE and Rel-17 RedCap UE in terms of broadcasting channel. Similarly, if additional separate early indication in Msg1 is not mandated, Rel-18 RedCap UE shall support legacy FDRA in UL for Msg3. This implies that Rel-18 RedCap UE should support legacy FDRA method.
Observation 4: Rel-18 RedCap UE should support legacy FDRA method at least in DL, in order to share broadcasting channels.
· If additional separate early indicated in Msg1 is not mandated, Rel-18 RedCap UE should also support legacy FDRA method in UL. 
One remaining issue is whether to support FDRA optimization for Rel-18 RedCap UE. The main motivation may be reducing one or several bits of the DCI. In our view, such optimization is unnecessary, since:
· The bandwidth of PDCCH is not reduced compared to Rel-17. The same CCE aggregation level for PDCCH can be adopted for Rel-18 RedCap UE, which shows no demand for coverage compensation.
· Based on the observation that Rel-18 RedCap UE should support legacy FDRA method, any new FDRA method will make the situation more complicated and increase UE complexity.
· The exact gain on PDCCH coverage brought by reducing one or several bits is unclear. Empirically, it may turn out to be quite marginal in the end.
For the above reasons, we suggest directly reusing legacy FDRA method. No need to introduce FDRA optimization. 
Proposal 3: Rel-18 RedCap UE reuses legacy FDRA method. No need to introduce FDRA optimization.
[bookmark: _Ref101701767][bookmark: _Ref109152483]Peak data rate reduction
Another possible solution for complexity reduction is to limit the peak data rate. The following agreement was made for Option PR1 [4]. 
	Agreement
· The minimum DL peak rate target (for FD-FDD) is [10] Mbps based on peak data rate calculation according to 38.306.
· The same value for X is used for DL and UL


There was a discussion in RAN#98-e on whether the minimum target peak rate can be reduced from 10 Mbps to 6 Mbps. It was concluded that the minimum target peak rate does not reduce [11].
	Issue 4: Minimum target (downlink) peak data rate:
Proposal: Keep the minimum target peak rate as 10Mbps
Conclusion: proposals for issue 3 and issue 4 are agreed


Therefore, we have the following observation:
Observation 5: For UE peak data rate reduction, the target peak data rate (for FD-FDD) is 10 Mbps. Further peak data rate reduction is not pursued.
The key factor of Option PR1 is to reduce the complexity of HARQ buffer, as well as the related decoding and processing block. Hence, the constraint of (vLayers, Qm, f) can be reduced from 4 to X or Y, for the case of PR1 is add-on or standalone, respectively. However, to calculate the exact value of X and Y, the exact maximum PRB number of processing should be determined first. This is due to the fact that the data rate is determined by the maximum allocable PRB number () as captured TS 38.306 [10].

.
Observation 6: For UE peak data rate reduction, the exact value of X and Y for relaxed constraint of (vLayers, Qm, f) should be determined after the maximum allocable PRB number is clear.
As discussed in Section 2.1.1, the exact maximum PRB number is still under discussion. However, the difference between Option 3 and Option 4 is small, i.e. only 1 PRB in the case of SCS=30 kHz. Based on a rough calculation, X=3 and Y=1 can be considered, which can satisfy 10 Mbps data rate. 
Proposal 4: For UE peak data rate reduction, for relaxed constraint of (vLayers, Qm, f), X=3 and Y=1 can be considered for add-on PR1 and standalone PR1 respectively.
According to the guidance of RAN#98-e, whether PR1 can be a standalone option or not for Rel-18 RedCap UE shall be discussed in RAN#99 [11]. There should be no discussion on this issue in RAN1#112.
Observation 7: Whether PR1 can be a standalone option or not for Rel-18 RedCap UE or not shall be discussed in RAN#99 but not RAN1#112. 
[bookmark: _Ref109152486]Coexistence with non-RedCap UE and Rel-17 RedCap UE
Separate initial DL/UL BWP
	Agreement 
For a cell supporting both Rel-17 and Rel-18 RedCap UEs,
· The Rel-18 RedCap UEs can share the same separate initial DL/UL BWP as the Rel-17 RedCap UEs.
· FFS: whether to support an additional separate initial DL/UL BWP specific to Rel-18 RedCap UEs


In Rel-17, separate initial DL/UL BWP is introduced for RedCap UE. One important purpose is to avoid restricting the bandwidth of legacy initial DL/UL BWP. Another purpose is to alleviate the potential congestion in the legacy initial DL/UL BWP. The design of separate initial DL/UL BWP sufficiently considers the characteristics of RedCap UE. For example, the corresponding bandwidth is no larger than 20 MHz in FR1.
For Rel-18 RedCap UE, we do not see strong motivation to introduce new separate initial DL/UL BWP. Reusing Rel-17 separate initial DL/UL BWP is preferred. Note that Rel-18 RedCap UE can support a BWP up to 20 MHz, which will not further restrict the bandwidth of Rel-17 separate initial DL/UL BWP. There is also no evidence showing that congestion becomes a serious problem for Rel-17 separate initial DL/UL BWP. On the other hand, if new separate initial DL/UL BWP is introduced for Rel-18 RedCap UE, the fragmentation of the carrier bandwidth is difficult for gNB to handle. 
Additionally, we would like to clarify that ‘only one separate initial DL/UL BWP’ is from cell perspective. This is aligned with Rel-17. Otherwise, if it is from UE perspective, two separate initial BWPs (one for Rel-17 RedCap UE and one for Rel-18 RedCap UE) may still exist in one cell, which will leave all the above issues unsolved.
Proposal 5: No additional separate initial DL/UL BWP is introduced dedicated to Rel-18 RedCap UE.
· From cell perspective, Rel-18 RedCap UE and Rel-17 RedCap UE share the same one initial DL/UL BWP.
[bookmark: _Ref117591806]Early indication for Rel-18 RedCap UE
According to the update from RAN#98-e, additional separate early indication should be supported for Rel-18 RedCap UE [1].
	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]


In Rel-17, RedCap UE can be identified in Msg1/MsgA PRACH or Msg3. Note that early indication in Msg3 is mandatory for Rel-17 RedCap UE. It is realized by LCID, which does not impact physical layer. This mechanism, from view of physical layer, can be easily reused without much effort. From RAN2’s view, the disadvantage may be that the number of unused state of CCCH is limited, i.e. only 7, after Rel-17.
For early indication in Msg1/MsgA PRACH, the specification impact in physical layer is larger to separate Rel-18 RedCap UE from Rel-17 RedCap UE. RACH resource fragmentation is another foreseen drawback. Since we already agreed that the post-FFT data buffer is kept as 20 MHz, Rel-18 RedCap UE is able to receive RAR PDSCH regardless of whether it is within 5 MHz or not. The only difference may be the gap between RAR PDSCH and Msg3, which can be handled by gNB scheduling. Hence, from RAN1’s perspective, we see no strong motivation to support additional separate early indication for Rel-18 RedCap UE in Msg1/MsgA PRACH.
Nevertheless, the issue of early indication is more related to RAN2. Recall that RAN2 had dedicated session for RACH partitioning in Rel-17. Specifically, in this meeting (i.e. RAN2#121), RAN2 plans to start the discussion on additional separate early indication for Rel-18 RedCap UE. Thus this issue can be left to RAN2.
Proposal 6: The mechanism of early indication of Rel-18 RedCap UE is left to RAN2.
Cell access/barring of Rel-18 RedCap UE
For Rel-17 RedCap UE, whether it can access to a cell or not depends on the following cell-specific indications:
· Cell barring indication in MIB
· Presents of RedCap-specific IFRI in SIB1
· Rx-specific indication for RedCap UE in SIB1
· Half-duplex-specific indication in SIB1 (in paired-spectrum)
We think the above cell access/barring indication can be reused for Rel-18 RedCap UE. It is unlikely that a cell supporting HD-FDD for Rel-17 RedCap UE cannot support HD-FDD for Rel-18 RedCap UE. Similarly, a cell forbidding the access of 1Rx Rel-17 RedCap UE may not be interested in serving 1Rx Rel-18 RedCap UE. Whether additional cell access/barring indication for Rel-18 RedCap UE is needed or not can be FFS. But the final decision can be left to RAN2.
Proposal 7: Rel-18 RedCap UE shares the same cell access/barring indication and mechanism with Rel-17 RedCap UE.
· FFS additional cell access/barring indication for Rel-18 RedCap UE.
· Final decision is up to RAN2.
Conclusion
In this contribution, we share our views on further complexity reduction for Rel-18 RedCap UEs. The observations and proposals are summarized as follows:
Observation 1: Rel-18 RedCap UE can be configured with a BWP of 20 MHz. The PRB number of 5 MHz BWP is not justified for Rel-18 RedCap UE.
Observation 2: Larger maximum PRB number benefits the sharing of broadcasting channels and paging channel, and thus better co-existence performance can be achieved.
Observation 3: Option 4 will further limit the bandwidth of Rel-18 RedCap UE to 10 PRBs for DFT-s-OFDM waveform when SCS is 30 kHz eventually. 
Observation 4: Rel-18 RedCap UE should support legacy FDRA method at least in DL, in order to share broadcasting channels.
· If additional separate early indicated in Msg1 is not mandated, Rel-18 RedCap UE should also support legacy FDRA method in UL. 
Observation 5: For UE peak data rate reduction, the target peak data rate (for FD-FDD) is 10 Mbps. Further peak data rate reduction is not pursued.
Observation 6: For UE peak data rate reduction, the exact value of X and Y for relaxed constraint of (vLayers, Qm, f) should be determined after the maximum allocable PRB number is clear.
Observation 7: Whether PR1 can be a standalone option or not for Rel-18 RedCap UE or not shall be discussed in RAN#99 but not RAN1#112. 
Proposal 1: For UE BB bandwidth reduction, for both PDSCH and PUSCH, Option 3 is adopted for the maximum number of PRBs:
· Option 3: 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.
Proposal 2: When the scheduling of RAR PDSCH is larger than the maximum number of unicast PRBs that the Rel-18 RedCap UE can process per slot, for the reference time restriction NT,1 + NT,2 + 0.5 + X (ms) , the value of X is 1.
Proposal 3: Rel-18 RedCap UE reuses legacy FDRA method. No need to introduce FDRA optimization.
[bookmark: _GoBack]Proposal 4: For UE peak data rate reduction, for relaxed constraint of (vLayers, Qm, f), X=3 and Y=1 can be considered for add-on PR1 and standalone PR1 respectively.
Proposal 5: No additional separate initial DL/UL BWP is introduced dedicated to Rel-18 RedCap UE.
· From cell perspective, Rel-18 RedCap UE and Rel-17 RedCap UE share the same one initial DL/UL BWP.
Proposal 6: The mechanism of early indication of Rel-18 RedCap UE is left to RAN2.
Proposal 7: Rel-18 RedCap UE shares the same cell access/barring indication and mechanism with Rel-17 RedCap UE.
· FFS additional cell access/barring indication for Rel-18 RedCap UE.
· Final decision is up to RAN2.
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