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1 [bookmark: _Ref40465791]Introduction
A new work item was agreed in RAN plenary meeting #97-e which is to specify solutions for further UE complexity reduction [1]. Specifically, the following objectives are RAN1 related. 
	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.)



In this contribution, we provide our views on the various design details for further UE complexity reduction over Rel-17 RedCap UE. Note: A Rel-18 RedCap UE is named as eRedCap UE for convenience. 
2 UE complexity reduction
According to the agreed WID, UE BB bandwidth reduction should be discussed with following guideline
· 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.
The above bullets only enforce the BB of UE to be reduced to 5MHz. However, the exact number of PRBs are not captured. Therefore, it would be clearer if the maximum number of PRBs of a unicast/broadcast PDSCH or PUSCH needs to be clarified. Based on the discussion in study item, the maximum number of PRBs of a unicast/broadcast PDSCH or PUSCH can be 25 or 11 respectively for SCS 15 or 30kHz. 

Proposal 1: 
· The maximum number of PRBs of a unicast/broadcast PDSCH or PUSCH is 25 or 11 respectively for SCS 15 or 30kHz. 

In TS 38.306, the peak data rate for a UE is specified. To calculate the peak data rate for a UE, it is straightforward that  is used in the calculation for SCS 15 or 30kHz respectively. 

	For NR, the approximate data rate for a given number of aggregated carriers in a band or band combination is computed as follows.

wherein
J is the number of aggregated component carriers in a band or band combination
Rmax = 948/1024
For the j-th CC,
	 is the maximum number of supported layers given by higher layer parameter maxNumberMIMO-LayersPDSCH for downlink and maximum of higher layer parameters maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH for uplink.
	 is the maximum supported modulation order given by higher layer parameter supportedModulationOrderDL for downlink and higher layer parameter supportedModulationOrderUL for uplink.
	is the scaling factor given by higher layer parameter scalingFactor and can take the values 1, 0.8, 0.75, and 0.4.

	 is the numerology (as defined in TS 38.211 [6])
[bookmark: OLE_LINK8]	 is the average OFDM symbol duration in a subframe for numerology , i.e. . Note that normal cyclic prefix is assumed.
	 is the maximum RB allocation in bandwidth  with numerology , as defined in 5.3 TS 38.101-1 [2] and 5.3 TS 38.101-2 [3], where  is the UE supported maximum bandwidth in the given band or band combination.
	is the overhead and takes the following values
0.14, for frequency range FR1 for DL
0.18, for frequency range FR2 for DL
0.08, for frequency range FR1 for UL
0.10, for frequency range FR2 for UL



Assuming 16QAM, single MIMO layer, ,  equals to 25 or 11 for SCS 15 or 30kHz respectively, the achievable peak DL and UL throughputs are provided in Table 1. Since the achievable throughput is larger than the target of 10MHz for eRedCap UE, it would be fine to introduce additional means to further reduce peak data rate. Therefore, a relaxation on the product  can be considered. 10Mbps for peak DL/UL throughput can be achieved if the product equal to 2.8. however, value 2.8 is not valid considering the available candidate values of . Therefore, we propose to relax the product to 3 which is a practical/simple number. 
Table 1: Peak DL/UL throughput for 5MHz BB BW
	SCS (kHz)
	
	Modulation Order
	Peak DL throughput (Mbps)
	Peak UL throughput (Mbps)

	15
	25
	4
	13.4
	14.3

	30
	11
	4
	11.8
	12.6



On the other hand, there was a discussion whether relaxing the product to 1 can be considered as a standalone solution for eRedCap UE. Our understanding is that it is generally not preferred to define multiple types of eRedCap UE which would result in market fragmentation. Based on the evaluation in study item phase, it is common understanding that relaxing the product to 1 can only provide quite limited gain for complexity reduction. 

Proposal 2: 
· To calculate the peak data rate for a UE,  is used for SCS 15 or 30kHz respectively. 
· The product of  can be relaxed to 3. 
· Relaxing the product to 1 as a standalone solution is not further considered in RAN1. 
2.1 Reduction on post-FFT data buffer
Reduction of post-FFT data buffer is one means to reduce complexity/cost of eRedCap UE. Assuming PDCCH and the associated scheduled PDSCH are in the same slot, the eRedCap UE cannot know the allocated PRBs for PDSCH until the PDCCH is decoded. As shown in Figure 1(a), the UE has to buffer the whole OFDM symbols even after the ending symbol of PDCCH. Then, if a PDCCH is detected which indicates the up to  (=25 or 11) PRBs for PDSCH transmission, the UE may only buffer the scheduled up to  PRBs. The same analysis is applicable to Figure 1(b) too. In Figure 1(b), it is assumed that the allocated PRBs for PDSCH can be distributed in to 20MHz BWP with a limitation of  PRBs. After the PDCCH is detected, UE can buffer the scheduled up to  PRBs though the  PRB is not continuous. Since there is no real difference on the impact of post-FFT data buffer, and frequency resource allocation in 20MHz provides larger scheduling flexibility and exploits the benefit of frequency diversity, it is preferred to support frequency resource allocation of PDSCH to be distributed in 20MHz BW with a limitation of maximum  PRBs can be allocated. 


Figure 1: Post-FFT data buffering
Observation
· From post-FFT data buffer reduction point of view, there is no difference between frequency resource allocation in 5MHz or 20MHz if the maximum number of allocated PRBs for PDSCH is the same. 
Proposal 3: 
· Support frequency resource allocation of PDSCH to be distributed in 20MHz BW with a limitation of maximum  (=25 or 11) PRBs. 

As shown in Figure 1, an eRedCap UE has to buffer the whole OFDM symbols even after the ending symbol of PDCCH in a slot. If there is no PDSCH scheduled in the slot, it simply wastes post-FFT data buffer or increases UE power consumption. To resolve the issue, the applicable minimum K0/K2 value was introduced in Rel-16 power saving, which enforces cross-slot scheduling. However, it only applies to unicast PDSCH at that time. In other words, a UE still needs to buffer blindly the OFDM symbols next to a common search space when the UE needs to decode the broadcast information. Such an issue can be resolved by extending cross-slot scheduling to broadcast PDSCH. For example, assuming minimum K0 equal to 1 and CORESET of CSS is in the beginning of two symbols in a slot, the gap between PDCCH and PDSCH is 12 OFDM symbols which would provide enough time for PDCCH decoding and avoid unnecessary buffering for the broadcast PDSCH. 

Proposal 4: 
· Cross-slot scheduling is supported for broadcast PDSCH. 
2.2 Enhancement on SIB1 PDSCH transmission
The limitation on maximum number of PRBs, i.e.,  =25 or 11 for SCS 15 or 30kHz, should apply to a unicast PDSCH or PUSCH from both gNB and UE perspective. On the other hand, the limitation applies to broadcast PDSCH at least from eRedCap UE perspective. Regarding whether the limitation applies to gNB scheduling, two options can be considered. 
· Option 1: gNB can schedule a broadcast PDSCH for an eRedCap UE in a number of PRBs that is larger than the maximum number . However, the eRedCap UE can only perform partial reception for the broadcast PDSCH. 
· Option 2: The limitation on maximum number of PRBs  is also applied to a broadcast PDSCH for eRedCap UE from gNB perspective. 
With Option 1, gNB may transmit a broadcast PDSCH which is to be shared for eRedCap UE and legacy UE. Due to the poor link performance of partial reception, more repetitions of broadcast PDSCHs have to allocated. For example, for SIB1 PDSCH transmission, up to 8 repetitions can be supported in a 160ms cycle.  
In one implementation of Option 2, assuming gNB would like to share the broadcast PDSCH for eRedCap UE and legacy UE, the number of allocated PRBs for the broadcast PDSCH is limited to up to . The number of repetitions that is necessary to meet a target performance will be increased compared to the transmission of broadcast PDSCH in larger number of PRBs. Consequently, the latency of the reception of broadcast PDSCH is increased for legacy UE. Note: the number of repetitions in Option 2 is expected to be much lower than that the repetitions in Option 1 since around 2 – 4 dB gain is observed in coverage impact evaluation in the study item phase for broadcast PDSCH transmission with up to  PRBs. 
For Option 2, it may be also considered to transmit separate broadcast information dedicated for eRedCap UE. Such solution increases the overhead compared to the first implementation of Option 2. To avoid the impact to resource usage in the frequency region of CORESET 0, the separate broadcast information may be transmitted in the separate initial DL BWP for eRedCap UE. A potential benefit of separate broadcast information is to enable size reduction of the broadcast information for eRedCap UE, which help to mitigate the resource overhead. Further, if broadcast information is separated, it is possible to enhance PDCCH monitoring for eRedCap UE too. For example, a PDCCH may schedule multiple repetitions of the broadcast PDSCH which helps to reduce the resource overhead. Note: such enhancement on PDCCH may generally apply to other variations of Option 1 and Option 2. 

Proposal 5: 
· The limitation on maximum number of PRBs applies to broadcast PDSCH at least from eRedCap UE perspective. Further discussion is needed regarding whether the limitation applies to gNB scheduling. 
· The following options can be considered to enhance broadcast PDSCH transmission
· Option 1: gNB can schedule a broadcast PDSCH which is shared by eRedCap UE and legacy UE in a number of PRBs that is larger than the maximum number. 
· Option 2: The limitation on maximum number of PRBs is also applied to a broadcast PDSCH for eRedCap UE from gNB perspective. The broadcast PDSCH may be shared between eRedCap UE and legacy UE or dedicated for eRedCap UE. 
2.3 Details on FDRA
Within an up to 20MHz BWP, the eRedCap UE can only perform reception/transmission on maximum  =25 or 11 PRBs respectively for SCS 15 or 30kHz. The FDRA of eRedCap UE can be enhanced to reduce the DCI overhead. 
In a first option, the  PRBs of eRedCap UE can be semi-statically configured. Consequently, FDRA for eRedCap UE can be defined within the configured  PRBs, e.g., assuming a BWP size of  PRBs. However, the limitation on the frequency of the  PRBs is not preferred for scheduling flexibility. 
Therefore, a second option is to dynamically indicate a region of  PRBs. Then FDRA is defined within the dynamically indicated  PRBs. For example, for a BWP of 20MHz, 4 frequency regions can be defined which requires 2 bits for indication. Each frequency region can consist continuous  PRBs, or distributed  PRBs. If FDRA type 1 is used, size of FDRA is 9 bits for SCS 15kHz which results in total overhead of 11 bits. As comparison, for FDRA type 1 in 20MHz, it consumes 13 bits. 

Proposal 6: 
· Support dynamic indication of a region of  =25 or 11 PRBs respectively for SCS 15 or 30kHz. Then, FDRA for eRedCap UE is defined within the  PRBs. 
2.4 Early identification 
Early identification was introduced for Rel-17 RedCap UE. Since Rel-17 RedCap UE has smaller number of Rx chains, the link performance for the reception of PDCCH and PDSCH is reduced. If antenna gain loss due to form factor is considered, it has negative impact to both DL and UL too. However, it is questionable whether early identification between Rel-17 RedCap UE and eRedCap UE is necessary or not. In general, the same number of Rx chain (i.e., 1 Rx) and form factor apply to both Rel-17 RedCap UE and eRedCap UE. The link performance for the detection of PDCCH in Type0/0A/1/2 CSS commonly applies. Since the TBS of Msg2 is relatively small, it is expected that Msg2 can be received by eRedCap UE without puncturing. There is no difference for Msg3 transmission too. Msg4 may have a problem if the TBS of Msg4 is too large which results in resource allocation of more than  =25 or 11 PRBs respectively for SCS 15 or 30kHz. However, if eRedCap UE can be differentiated by at Msg3, gNB can schedule the proper Msg4 transmission accordingly. 

Proposal 7
· Early identification of eRedCap UE by Msg1 is not necessary.
· Early identification of eRedCap UE by Msg3 can be considered.
2.5 Number of broadcast/unicast PDSCHs in a slot
In current NR, a UE can receive two broadcast PDSCHs or one broadcast PDSCH plus one unicast PDSCH which are FDM multiplexed in a slot, as specified in the specification. 
	The UE in RRC_IDLE and RRC_INACTIVE modes shall be able to decode two PDSCHs each scheduled with SI-RNTI, P-RNTI, RA-RNTI or TC-RNTI, with the two PDSCHs partially or fully overlapping in time in non-overlapping PRBs.
On a frequency range 1 cell, the UE shall be able to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI and, during a process of P-RNTI triggered SI acquisition, another PDSCH scheduled with SI-RNTI that partially or fully overlap in time in non-overlapping PRBs, unless the PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI requires Capability 2 processing time according to clause 5.3 in which case the UE may skip decoding of the scheduled PDSCH with C-RNTI, MCS-C-RNTI, or CS-RNTI. 
The UE is expected to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI during a process of autonomous SI acquisition. 



For complexity reduction, an eRedCap UE may not support reception of the above two broadcast PDSCHs or one broadcast PDSCH plus one unicast PDSCH which are multiplexed in a FDM manner in a slot. However, it results in scheduling restriction. The trade-off between complexity reduction and scheduling restriction should be further discussed. 

Proposal 8: 
· Further down select the following two options
· An eRedCap UE does not expect that two broadcast PDSCHs or one broadcast PDSCH plus one unicast PDSCH are FDM multiplexed in a slot.
· An eRedCap UE can process two broadcast PDSCHs or one broadcast PDSCH plus one unicast PDSCH are FDM multiplexed in a slot.
3 Conclusions
In this contribution, we presented our views on the design details for the complexity reduction for eRedCap UE. We made the following observations and proposals

Observation
· From post-FFT data buffer reduction point of view, there is no difference between frequency resource allocation in 5MHz or 20MHz if the maximum number of allocated PRBs for PDSCH is the same. 

Proposal 1: 
· The maximum number of PRBs of a unicast/broadcast PDSCH or PUSCH is 25 or 11 respectively for SCS 15 or 30kHz. 
Proposal 2: 
· To calculate the peak data rate for a UE,  is used for SCS 15 or 30kHz respectively. 
· The product of  can be relaxed to 3. 
· Relaxing the product to 1 as a standalone solution is not further considered in RAN1. 
Proposal 3: 
· Support frequency resource allocation of PDSCH to be distributed in 20MHz BW with a limitation of maximum  (=25 or 11) PRBs. 
Proposal 4: 
· Cross-slot scheduling is supported for broadcast PDSCH. 
Proposal 5: 
· The limitation on maximum number of PRBs applies to broadcast PDSCH at least from eRedCap UE perspective. Further discussion is needed regarding whether the limitation applies to gNB scheduling. 
· The following options can be considered to enhance broadcast PDSCH transmission
· Option 1: gNB can schedule a broadcast PDSCH which is shared by eRedCap UE and legacy UE in a number of PRBs that is larger than the maximum number. 
· Option 2: The limitation on maximum number of PRBs is also applied to a broadcast PDSCH for eRedCap UE from gNB perspective. The broadcast PDSCH may be shared between eRedCap UE and legacy UE or dedicated for eRedCap UE. 
Proposal 6: 
· Support dynamic indication of a region of  =25 or 11 PRBs respectively for SCS 15 or 30kHz. Then, FDRA for eRedCap UE is defined within the  PRBs. 
Proposal 7
· Early identification of eRedCap UE by Msg1 is not necessary.
· Early identification of eRedCap UE by Msg3 can be considered.
Proposal 8: 
· Further down select the following two options
· An eRedCap UE does not expect that two broadcast PDSCHs or one broadcast PDSCH plus one unicast PDSCH are FDM multiplexed in a slot.
· An eRedCap UE can process two broadcast PDSCHs or one broadcast PDSCH plus one unicast PDSCH are FDM multiplexed in a slot.
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