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Introduction
With the conclusion of Rel-18 RedCap study item in [1], a work item on further NR UE complexity reduction was approved with the following objectives in [2]: 
	The objective is to specify support for the following enhancements: 
Power saving/energy efficiency enhancements
· Enhanced eDRX in RRC_INACTIVE (>10.24s) [RAN2, RAN3, RAN4]
· Note that this objective requires SA2 and CT1 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.
· 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.)



Generic Aspects for UE BB Bandwidth Reduction  
BWP Operation Framework 
	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



[bookmark: _Ref118748186]Proposal 1: No separate initial DL and UL BWP configurations are needed for eRedCap. 
[bookmark: _Ref118748193]Proposal 2: As legacy, center frequencies of uplink BWP and downlink BWP pairs are aligned in TDD.
[bookmark: _Ref118486595]UE Post-FFT Buffering  
At RAN1 #110bis-e, the assumption on UE post-FFT buffering size was a heated topic. Unfortunately, no agreement was made to conclude the discussion. 
In Table 1, we compare the complexity reduction of post-FFT buffering between BW3 and PR3. Percentages are calculated based on the complexity of the corresponding reference Rel-17 RedCap UE in each scenario. As can be seen in Table 1, for most scenarios (except HD-FDD with 2Rx), the complexity difference between PR3 and BW3 for post-FFT buffering is less than 1%. It is not very meaningful to trade the 1% complexity reduction with the additional UE power consumption and latency when UE has to perform soft combining for broadcast PDSCHs such as SIB1/OSI. Therefore, we think it is more reasonable to assume the post-FFT buffer for eRedCap is not smaller than 20MHz for every symbol in a slot and further post-FFT buffering reduction is no need to pursue. 
[bookmark: _Ref118743838]Table 1: UE post-FFT buffering complexity comparison between BW3 and PR3 w.r.t reference Rel-17 RedCap UEs (sources from Table 7.2.2-1 through Table 7.2.2-6, and from Table 7.3.2-1 through Table 7.3.2-6 in TR38.965) 
	UE post-FFT buffer complexity
	FD-FDD 1Rx
	TDD 1Rx
	HD-FDD 1Rx
	FD-FDD 2Rx
	TDD 2Rx
	HD-FDD 2Rx

	BW3
	1.50%
	1.15%
	1.69%
	2.33%
	1.89%
	2.37%

	PR3
	2.26%
	1.78%
	2.67%
	3.19%
	2.73%
	3.54%

	Difference between BW3 and PR3
	0.76%
	0.64%
	0.98%
	0.86%
	0.84%
	1.17%



[bookmark: _Ref118748955]Observation 1: Complexity difference between PR3 and BW3 on UE post-FFT buffering is less than 1% in FDD and TDD w.r.t the reference Rel-17 RedCap UEs. 
[bookmark: _Ref118748962]Observation 2: If eRedCap UE can only receive 5MHz of PDSCH data per slot, it requires UE to receive SIB1 and perform soft combing of SIB PDCHs over a duration of multiple SIB1 periodicities at the expense of UE power consumption and initial access latency. 
[bookmark: _Ref118748967]Observation 3: To receive a 20MHz SIB1 PDSCH, eRedCap UEs are likely to have post-FFT buffering not smaller than 20MHz and receive 20MHz SIB1 PDSCH in one slot. 
[bookmark: _Ref118486556][bookmark: _Ref118748199][bookmark: _Hlk117595693]Proposal 3: For UE BB bandwidth reduction, the assumption on UE post-FFT buffering is not smaller than 20MHz for every OFDM symbol.
[bookmark: _Ref118486567][bookmark: _Ref118748209]Proposal 4: For UE BB bandwidth reduction, the same assumption on UE post-FFT buffering is applied for both broadcast and unicast PDSCH receptions. 

Number of PRBs
	Agreement
Replace the agreement on the maximum number of PRBs supported by UE with the following:
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 1: 28 PRBs for 15 kHz SCS and 14 PRBs for 30 kHz SCS
· Option 2: 27 PRBs for 15 kHz SCS and 13 PRBs for 30 kHz SCS
· 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 (at least for unicast), down-select between the following options for the maximum number of PRBs that the UE can process per slot:
· Option 1: 28 PRBs for 15 kHz SCS and 14 PRBs for 30 kHz SCS
· Option 2: 27 PRBs for 15 kHz SCS and 13 PRBs for 30 kHz SCS
· 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 (at least for unicast) and PUSCH.



[bookmark: _Ref118748216]Proposal 5: Extend the agreement on the number of PRBs that UE can process per slot for unicast PDSCH to broadcast PDSCH and multicast PDSCH:
For UE BB bandwidth reduction, for broadcast and multicast PDSCHs, down-select between the following options for the maximum number of PRBs that the UE can process per slot:
· Option 1: 28 PRBs for 15 kHz SCS and 14 PRBs for 30 kHz SCS
· Option 2: 27 PRBs for 15 kHz SCS and 13 PRBs for 30 kHz SCS
· 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 is chosen as unicast PDSCH. 

UE Reception Schemes  
Since both the UE’s RF bandwidth and post-FFT data buffering can support up to 20MHz, it implies the maximum “UE reception bandwidth” is 20MHz so that UE can receive and buffer PDSCH of 20MHz. Therefore, as illustrated in Figure 1, two UE reception schemes can be considered when the UE processing bandwidth is reduced to 5MHz per slot. In UE reception scheme 1, the transmission bandwidth of PDSCH is confined within 5MHz to accommodate UE’s baseband processing capability. In the UE reception scheme 2, the transmission bandwidth of PDSCH can be up to 20MHz. Note that in both schemes, UE is expected to be able to receive and process PDCCH with a bandwidth up to 20MHz. Also note that in the second UE reception scheme, UE can still receive and buffer a PDSCH of 20MHz (i.e., with a reception bandwidth of 20MHz). However, because the UE processing bandwidth is reduced to 5MHz, UE should be allowed with more slots to process a 20MHz PDSCH received in a slot. In the second scheduling scheme, once UE has received a PDSCH scheduled in slot n, UE is not required to receive another PDSCH in the following three slots, i.e., slots n+1 to n+3 and hence it can turn off its RF for saving power.
[bookmark: _Ref118748243]Proposal 6: Support both UE reception schemes 1 and 2 for eRedCap UEs:  
· In UE reception scheme1, PDSCH transmission bandwidth is confined to eRedCap UE’s processing bandwidth of 5MHz. 
· In UE reception scheme 2, PDSCH transmission bandwidth can be wider than eRedCap UE’s processing bandwidth. Once it receives a PDSCH, the eRedCap UE can turn of its RF for power saving in the following N slots. FFS: N. 

[image: ]
[bookmark: _Ref118745349]Figure 1: Illustration of the two proposed UE reception schemes

Analysis of UE power consumption for the proposed reception schemes
In this sub-section, system-level (SLS) evaluations on power consumption with the two proposed UE reception schemes are conducted. See Figure 1 for illustrations of the two proposed UE reception schemes. To analyze the power consumption under different UE reception schemes, we also provide the derivation of power states with data BB bandwidth reduction which can be found in Appendix A. 
Table 2 compares the evaluation results of the two proposed UE reception schemes. It can be observed that UE reception scheme 2 can provide significant power saving gain w.r.t scheme 1, especially in DRX setting 2. Compared to the DRX setting suggested in TR38.840 [4], a setting with shorter inactivity timer highlight the benefit provided by UE reception scheme 2. A significant power saving gain (19.6%~26.5%) is observed if the UE is configured with UE reception scheme 2. Thus, we have the following observations.
[bookmark: _Ref115497478]Observation 4: UE reception scheme 2 has higher power saving gain than UE reception scheme 1 in the evaluated scenarios. 
[bookmark: _Ref115497486]Observation 5: UE power saving gain can be further enhanced significantly if UE reception scheme 2 is configured with other power saving methods. (e.g., a short inactivity timer)

[bookmark: _Ref115429367][bookmark: _Ref115440781]Table 2: UE power consumption evaluation of the two proposed UE reception schemes in different scenarios 
	Traffic 
	Instant Messaging (IM)

	Power (unit)
	DRX setting 1: Value from TR38.840
(period, on-duration, inactivity timer)  
= (320, 10, 80) msec
	DRX setting 2: Reduced inactivity timer
(period, on-duration, inactivity timer)  
= (320, 10, 10) msec

	Scenario/Scheme
	Scheme 1
	Scheme 2
	Scheme 1
	Scheme 2

	TDD 2RX
	19.31
	18.13 (6.1%↓)
	6.67
	5.36 (19.6%↓)

	TDD 1RX
	19.69
	17.80 (9.6%↓)
	7.44
	5.47 (26.5%↓)


Analysis of PDCCH scheduling overheads for the proposed reception schemes
In this sub-section, we further analyze the time slots in percentage when UE is scheduled with PDSCH. The “PDSCH time (%)” in Table 3 is derived by dividing the number of slots with PDSCHs by the total number of slots in the simulation and then times 100. In the simulation, one PDCCH is only used to schedule one PDSCH. Therefore, the PDSCH time (%)” also suggests the PDCCH scheduling overhead. With the same traffic model and a similar amount of data for scheduling, Scheme 2 can reduce the PDCCH scheduling overhead compared with Scheme 1 by about 80%. 
[bookmark: _Ref118748997]Observation 6: The proposed UE reception scheme 2 reduces PDCCH scheduling overhead by about 80% in the evaluated IM traffic model. 
[bookmark: _Ref118747092]Table 3: The time portion gNB schedules PDSCH data to the UE
	Traffic 
	Instant Messaging (IM)

	PDSCH time (%)
	DRX setting 1: Value from TR38.840
(period, on-duration, inactivity timer)  
= (320, 10, 80) msec
	DRX setting 2: Reduce inactivity timer
(period, on-duration, inactivity timer)  
= (320, 10, 10) msec

	Scenario/Scheme
	Scheme 1
	Scheme 2
	Scheme 1
	Scheme 2

	TDD 2RX
	1.49
	0.31 (79.2%↓)
	1.48
	0.31 (79.1%↓)

	TDD 1RX
	2.91
	0.60 (79.4%↓)
	2.91
	0.59 (79.73%↓)



[bookmark: _Ref115497547]Proposal: Support both UE reception schemes 1 and 2.
· In UE reception scheme1, PDSCH transmission bandwidth is confined to UE’s processing bandwidth of 5MHz. 
· In UE reception scheme 2, PDSCH transmission bandwidth can be wider than UE’s processing bandwidth. Once UE receives a PDSCH, UE can turn of its RF for power saving in the following N slots. FFS: N. 

FDRA field optimization 
At RAN1 #110bis-e meeting, the following question was discussed in feature lead’s summary [5]. 
	FL1/FL8 Medium Priority Question 2-11a: For UE BB bandwidth reduction, should any kind of FDRA optimization be considered for further study? Please elaborate your response in the Comments field.



Though Rel-18 eRedCap UE processing bandwidth is reduced to 5MHz for PDSCH, it remains 20MHz for PDCCH. Since PDCCH complexity is not reduced, link performance of PDCCH is not degraded compared to Rel-17 RedCap. 
[bookmark: _Ref118749004]Observation 7: For Rel-18 eRedCap UEs, PDCCH link performance is not degraded because its complexity and resource allocation are not reduced compared to Rel-17 RedCap UEs. 
For fallback DCI formats 0_0 and 1_0, DCI size alignment should be hold regardless of RNTI types and regardless of uplink and downlink. For most of RNTI types with DCI 1_0, the FDRA field size is determined by CORESET#0. Universal reduction of FDRA field size for DCI 1_0 with all RNTI types is not possible since RAN1 has agreed that SIB1 can be scheduled in a resource larger than 5MHz. Therefore, we think FDRA field optimization should not be considered for fallback DCI formats 0_0 and 1_0. 
[bookmark: _Ref118748268][bookmark: _Hlk118407408]Proposal 7: Reduction of FDRA field size is not supported for fallback DCI formats 0_0 and 1_0. 

For DCI formats other than 0_0 and 1_0, we use DCI 1_1 as an example and evaluate PDCCH SNR requirements with and without FDRA field size optimization at the target BLER of 1%. To evaluate the relatively maximum gain that FDRA optimization can achieve, we assume a relatively small payload size for DCI 1_1. Specifically, for the case when no FDRA optimization is considered, we assume the size of DCI 1_1 is 40 bits before CRC attachment which is close to the size of fallback DCI 1_0. 
For the case when FDRA optimization is not considered, we assume the BWP size is 20MHz which implies 106RBs with 15kHz SCS and 51 RBs with 30kHz. 
For the case when FDRA optimization is considered, we assume the BWP size is 5MHz which suggests 25 RBs with 15kHz and 11 RBs with 30kHz. Furthermore, 2 bits are added to indicate which 5MHz “sub-band” for this case to have a similar level of scheduling flexibility as the case when FDRA optimization is not considered. 
Regarding the nominal RBG size, P, for Type0 RA, we apply Configuration 1 from Table 5.1.2.2.1-1 of TS 38.214 in all cases for determining the FDRA filed size. 
The FDRA field sizes are summarized in Table 4 for the cases with and without FDRA optimization in different duplex modes/SCS and RA types. 
[bookmark: _Ref118456331]Table 4: Sizes of FDRA fields in DCI format 1_1 with and without FDRA optimization 
	Duplex mode (SCS)
	RA Type
	Without FDRA optimization 
(BWP size = 20MHz)
	With FDRA optimization 
(BWP size = 5MHz with 2-bit sub-band indication)

	FDD (15 kHz SCS)
	Type 0
	14 bits 
(106RBs, P=8)
	13+2 = 15 bits 
(25 PRBs, P=2)

	
	Type 1
	13 bits
(106 PRBs)
	9 + 2 = 11 bits 
(25 PRBs)

	TDD (30kHz SCS)
	Type 0
	13 bits 
(51PRBs, P=4)
	6+2 = 8 bits 
(11 PRBs, P=2)

	
	Type 1
	11 bits 
(51 PRBs)
	7+2 = 9 bits 
(11 PRBs)



From Table 4, the maximum reduction of FDRA field size is 5 bits. The DCI sizes for comparison are hence 40bits and 35 bits. Since DCI 1_1 is UE-specific, different aggregation levels, 16, 8, 4, and 2 are evaluated. The detailed simulation assumptions are summarized in Table 5. 
[bookmark: _Ref118749013]Observation 8: At most 5 bits of FDRA field size reduction can be achieved by FDRA optimization when a 2-bit indication for which 5MHz sub-band to be allocated is also included in DCI. 

[bookmark: _Ref118458861]Table 5: Detailed simulation assumptions for PDCCH BLER evaluation for the cases with and without FDRA optimization
	Parameter
	Value

	Target BLER 
	1%

	Duplex mode and SCS 
	1. FDD with 15kHz
2. TDD with 30kHz

	DCI format
	DCI 1_1

	DCI payload size
	1. Without FDRA optimization: 40-bit DCI + 24-bit CRC
2. With FDRA optimization: 35-bit DCI + 24-bit CRC

	Aggregation level
	1. AL = 16
2. AL = 8
3. AL = 4
4. AL = 2

	CORESET
	2 symbols with 48 PRBs 

	CCE-to-REG mapping type
	Interleaved

	Precoding
	Precoder cycling at CCE level; 
REG bundle=6



[bookmark: _Ref118458404]Table 6: Required SNR at 1% PDCCH BLER for DCI 1_1 with and without 5-bit FDRA optimization
	Required SNR at 1% BLER (dB)
	Without FDRA optimization
(PL=40bits + CRC)
	With FDRA optimization
(PL = 35bits + CRC)
	SNR improvement (dB)

	Aggregation level = 16
	-5.89
	-6.16
	0.27

	Aggregation level = 8
	-2.25
	-2.55
	0.3

	Aggregation level = 4
	3.04
	2.74
	0.3

	Aggregation level = 2
	9.29
	8.85
	0.44



[image: ]
[bookmark: _Ref118457558]Figure 2: PDCCH BLER performance comparison between without and with 5-bit reduction from FDRA optimization. The DCI sizes are assumed to be 40bits + CRC and 35bits + CRC, respectively. 

The required SNR values at BLER=0.01 are presented in Table 6 while the BLER versus SNR curves are shown in Figure 2. As one can see from Table 6, the SNR improvement with the maximum 5-bit reduction in FDRA field size ranges from 0.27dB to 0.44dB for different aggregation levels from 16 to 2. With a less than 0.5dB improvement for a channel that does not suffer any degradation compared to R17 RedCap, this at most 5-bit FDRA size reduction can indeed be regarded as minor optimization.  
[bookmark: _Ref118749021]Observation 9: The maximum reduction of 5 bits in FDRA field only leads to SNR improvement of 0.27 dB to 0.44 dB. 
[bookmark: _Ref118748286]Proposal 8: Reduction of FDRA field size is not supported in any DCI format for Rel-18 eRedCap UEs. 

Downlink channels and signals  
We focus on broadcast channels for now. Once RAN1 has reached more agreements on how gNB should schedule broadcast PDSCH and how UE should receive broadcast PDSCH, companies’ understanding would be more aligned. 
SIB1/OSI PDSCH scheduling restriction 
	Agreement 
Replace the agreement on SIB1(PDSCH) for UE BB bandwidth reduction with the following:
For UE BB bandwidth reduction, for SIB1 (PDSCH),
· Allow the scheduling of SIB1 to be larger than 5 MHz (as in legacy operation)
· [bookmark: _Hlk118466844]FFS: UE post-FFT buffering “assumption”

Agreement
Replace the agreement on broadcast OSI (PDSCH) for UE BB bandwidth reduction with the following:
For UE BB bandwidth reduction, for broadcast OSI (PDSCH),
· Allow the scheduling of broadcast OSI (PDSCH) to be larger than 5 MHz (as in legacy operation)


Since it has been agreed that scheduling of SIB1 and broadcast OSI can be larger than 5MHz, there is no motivation, at least from gNB’s perspective, to support dedicated transmissions of SIB1 and broadcast OSI for Rel18 eRedCap UEs. 
[bookmark: _Ref118748342]Proposal 9: Dedicated SIB1 and broadcast OSI transmissions for Rel-18 eRedCap are not supported. 
Regarding UE post-FFT buffering, see Proposal 3 and Proposal 4 in clause 2.2 for our views. 
Paging PDSCH scheduling restriction 
	Agreement
For UE BB bandwidth reduction, for paging channel (PDSCH) to Rel-18 RedCap UEs, down-select between the following options:
· Option 1: Restrict the scheduling of paging channel to be within 5 MHz
· Option 2: Allow the scheduling of paging channel to be larger than 5 MHz (as in legacy operation)
· FFS: whether 5MHz is assumed to be physically contiguous


As stated in TS 38.331, one or multiple UEs can be paged by one paging message where each UE is addressed by one paging record carried in the paging message.  
· The network initiates the paging procedure by transmitting the Paging message at the UE's paging occasion as specified in TS 38.304. The network may address multiple UEs within a Paging message by including one PagingRecord for each UE. [Clause 5.3.2, TS 38.331]
[bookmark: _Ref118749028]Observation 10: The size of a paging message depends on the number of UEs that the paging message is intended to page.
If the number of UEs to be paged is not large, there is no need to allocate RB resources larger than 5MHz. In fact, based our collected data, as shown in Table 7, more than 70% of the time, the number of RBs is not greater than 11 RBs in a TDD cell with 30kHz SCS, i.e., less than 5MHz. 
[bookmark: _Ref117768888]Table 7: Analysis of resource allocation of paging PDSCH from TDD cells in field with 30kHz SCS
	Number of PRBs allocated for a paging PDSCH
	Counts
	Percentage

	1~11 PRBs
	4289
	78.7%

	More than 11 PRBs 
	1163
	21.3%


[bookmark: _Ref118749039]Observation 11: Collected data shows that more than 70%, paging PDSCHs are allocated with RB resources that are not greater than 5MHz. 

Based on the above observations, gNB should be allowed to multiplex the paging records for Rel-18 redcaps with those for non-eRedCap UEs to the same paging message when the paging message does not require a resource larger than 5MHz. 
[bookmark: _Ref117780726][bookmark: _Ref118748350]Proposal 10: When the number of RBs required for scheduling a paging message (PDSCH) is not larger than 5MHz, support that paging records for eRedCap UEs can be carried in the same paging message (PDSCH) with paging records for other non-eRedCap UEs. 

[bookmark: _Ref118301629][bookmark: _Ref118748360]Proposal 11: When the number of RBs required for scheduling a paging message (PDSCH) is larger than 5MHz, down-select between the following two options: 
· Option 1: Support separate paging messages (PDSCH) dedicatedly for eRedCap UEs that are scheduled with a number of RBs not larger than 5MHz. 
· Option 2: Support paging messages (PDSCH) shared between eRedCap and non-eRedCap UEs that are scheduled with a number of RBs larger than 5MHz.

We further provide detailed analysis for Option1 and Option 2 in the following sub-sections in this section. In the last sub-section of this section, we summarize the comparison between these two options in the aspects of specification impact, NW (CN and gNB) impact, and UE impact. 
Dedicated Paging PDSCH for eRedCap UEs (“Option 1”)
To page a UE in the RRC_IDLE state, as illustrated in Figure 3(a), the core network asks gNBs in the UE’s tracking area to broadcast a paging message for the UE. In this case, additional information (compared to what has been supported in current specifications) about the eRedCap UE’s capability is needed to be exchanged between AMF and gNBs. 
To page a UE in the RRC_INACTIVE state, as illustrated in Figure 3(b), the core network asks the UE’s anchor gNB, say gNB1, to transmit a paging message to the UE. The gNBs in the same RAN-based Notification Area (RNA) then broadcast the paging message in the RNA area. However, if the UE has changed its location and updated its RNA (RNA) to another gNB, say gNB2, then the UE’s original anchor gNB, i.e., gNB1, will forward this paging message to gNB2. In this case, additional information exchange (compared with existing signaling) about eRedCap’s capability is required between gNB1 and gNB2 so that gNB2 knows the UE to be paged is a Rel-18 eRedCap UE which can only process 5MHz of PDSCH per slot. 

[image: ][image: ]








[bookmark: _Ref117764618]Figure 3: Paging message pathways (in red color) between AMG and gNBs for paging a UE in (a) RRC_Idle state as illustrated in the left-hand side, and (b) RRC_Inactive state as illustrated in the right-hand side
[bookmark: _Ref118749047]Observation 12: To support dedicated paging messages (PDSCH) for Rel-18 eRedCap, gNB needs to distinguish which paging records are intended for Rel-18 eRedCap UEs. 
[bookmark: _Ref118749053]Observation 13: Additional information exchange is required for both between AMF and gNB and between gNB and gNB so that gNBs can learn the capabilities of the UE to be paged when transmitting a paging record.  
To support dedicated paging message for Rel-18 eRedCap, additional information exchange is required between gNBs and between gNBs and AMFs. RAN3’s involvement is therefore required for making any agreements on this. 
[bookmark: _Ref118748462]Proposal 12: If dedicated paging PDSCH for eRedCap UEs is to be further considered in RAN1, send an LS to RAN3 for their inputs.

Once gNB knows which paging records are for eRedCap UEs, there two ways to transmitting dedicated paging PDSCH messages for eRedCap UEs. 
1. [bookmark: _Hlk118716073]POs and paging PDCCH related configuration are shared between eRedCap and non-eRedCap UEs. However, paging records for eRedCap and non-eRedCap are not multiplexed to the same paging message (PDSCH). 
· This can be done by gNB’s implementation. No separate configuration is needed. 
· However, UE cannot know whether there is a paging record for it until it decodes the paging PDSCH message. This will hence increase the paging false alarm rates for legacy non-RedCap and Rel-17 RedCap UEs.  
2. Dedicated POs and/or paging PDCCH related configurations are configured for eRedCap UEs.
· Dedicated POs and/or paging PDCCH related configurations need to be configured for eRedCap UEs. RAN2’s involvement may be needed. 
· In this case, paging false alarm rates are not increased at the potential expense of network’s overhead. RAN2’s involvements are needed to design this. 

[bookmark: _Ref118749063]Observation 14: Dedicated paging (PDSCH) messages can be achieved by gNB’s scheduling without configuring dedicated POs or paging PDCCH configuration for eRedCap UEs. But this method will increase paging false alarm rates for legacy non-RedCap and R17 RedCap UEs. 
[bookmark: _Ref118749069]Observation 15: If dedicated POs and/or paging PDCCH configuration can be configured for eRedCap UEs, paging false alarm rates are not increased for legacy non-eRedCap UEs. However, RAN2’s involvements may be needed. 

Shared Paging PDSCH Larger than 5MHz (“Option 2”)
To allow gNB to transmit paging PDSCH in RB resources that are larger than 5MHz, the following two schemes can be considered:
1. Scheme 1: Paging messages are repeatedly transmitted within a PO for an SSB. UE can only receive and process 5MHz of paging PDSCH per slot. Then perform soft combing of multiple 5MHz receptions.
2. Scheme 2: Paging messages are not repeatedly transmitted within a PO for an SSB. UE can receive and buffer 20MHz of paging PDSCH in a slot. Then it processes only 5MHz of the buffered data every slot in the following slots. 

To support Scheme 1, gNB has to configure more than one PDCCH monitoring occasion per SSB in PO i.e., by configuring nrofPDCCH-MonitoringOccasionPerSSB-InPO-r16 larger than 1. In this case, gNB cannot configure paging search space same as that for SIB1 search space. In addition, stopPagingMonitoring has to be extended for licensed operation and to be configured as 1 for UE to continue monitoring paging PDCCH even after it has detected one paging PDCCH. 
[bookmark: _Ref118749076]Observation 16: Repeated transmissions of a same paging message for a given SSB significantly increase network’s overhead for paging. Some specification changes are also identified. 
[bookmark: _Ref118748479]Proposal 13: Configuring more than one PDCCH monitoring occasion per SSB in a PO is not considered for eRedCap operating in licensed spectrum. 

As to Scheme 2, one might ask that since it would take UE four or five slots to process a 20MHz paging PDSCH, is any scheduling restriction needed in this case? 
In Idle/Inactive mode, UE only monitors PBCH and PDCCH scrambled with SI-RNTI, P-RNTI and RA-RNTI/MsgB-RNTI/TC-RNTI. We don’t see the motivation for UE to receive paging PDSCH together with SIB PDSCH. Regarding the potential simultaneous reception of paging PDSCH and RACH messages, since it could only happen after UE has triggered a RACH procedure instead of in a regular basis, we think which message to prioritize can be left to UE implementation. 
[bookmark: _Ref118749081]Observation 17: eRedCap UEs with only 5MHz processing bandwidth need to consider which PDSCHs to be prioritized for reception and processing in RRC Idle and Inactive modes.  
[bookmark: _Ref118748489]Proposal 14: Support paging message (PDSCH) shared between eRedCap and non-eRedCap UEs that can be scheduled with a number of RBs greater than 5MHz.
[bookmark: _Ref118748503][bookmark: _Ref118748552]Proposal 15: In RRC_IDLE and RRC_INACTIVE, when paging PDSCH is scheduled in RB resource greater than 5MHz, which PDSCH among paging, RACH messages, and SIB to be prioritized for reception and processing is decided by one of the following options: 
· Alt-1: up to UE implementation
· Alt-2: reception and processing of RACH messages is prioritized over that of paging messages, and reception and processing of paging messages is prioritized over that of SIB messages 

In RRC connected mode, UE only needs to monitor paging PDCCH for short messages without receiving paging PDSCH according to Table 6.2-2 of TS38.202. Therefore, no scheduling restriction is identified for connected mode.
[bookmark: _Ref118749089]Observation 18: In RRC_CONNECTED state, paging is for short messages and hence paging PDCCH (scrambled by P-RNTI) is transmitted without paging PDSCH (PCH).
[bookmark: _Ref118749094]Observation 19: No scheduling restriction is identified for eRedCap to receive paging in connected mode where only paging PDCCH (without PDSCH) is expected.  

Comparison of Paging PDSCH Scheduling Options
We summarize the candidate paging scheduling options in Table 8. 
[bookmark: _Ref118396070]Table 8: Comparison of the two scheduling options in Proposal 11 for paging PDSCH in terms of specification impact, network (AMF and gNB) impact, and UE impact 
	
	Option 1 in Proposal 11
Dedicated paging PDSCH <= 5MHz
	Option 2 in Proposal 11
Shared paging PDSCH > 5MHz

	
	
	Scheme 1: For a given SSB, paging PDSCH with repetitions in a PO
	Scheme 2: For a given SSB, paging PDSCH without repetitions in a PO

	Specification impact
	1. Additional information exchange between AMF and gNB [RAN3]
2. Additional information exchange between gNB and gNB [RAN3]
3. gNB scheduling restriction <= 5MHz [RAN1]
4. Dedicated POs, paging search spaces, UE sub-grouping indication and/or P-RNTI (to avoid increasing false alarm on legacy UEs) [RAN1, RAN2]
	· Extend the configuration of multiple PDCCH monitoring occasions per SSB in a PO from NR-U to licensed operation
	· RRC Idle/Inactive: Prioritization rules among broadcast PDSCHs for reception and processing 
· RRC Connected: not identified 

	Network impact (AMF and gNB)
	1. Support the additional information exchange between gNBs and between AMF and gNB
2. gNB to always apply scheduling restriction <= 5MHz for eRedCap
3. Allocate dedicated paging PDCCH configuration for eRedCap UEs
	· Significantly increased Network overhead for transmitting paging repetitions
· Paging search space cannot be the same as search space zero
	· Not identified

	UE impact (eRedCap and non-eRedCap)
	· eRedCap UEs only need to receive and process 5MHz of PDSCH per slot
· If no dedicated POs/paging PDCCH configurations but only dedicated paging PDSCH messages, legacy non-eRedCap UEs will suffer from increased false alarm rate and increased latency. 
	· UE needs to perform soft combing for paging reception
	· UE needs to receive and buffer 20MHz PDSCH in a slot


[bookmark: _Ref118741646]RAR PDSCH scheduling restriction 
	Agreement
For UE BB bandwidth reduction, for RAR (PDSCH) to Rel-18 RedCap UEs, down-select between the following options:
· Option 1: Restrict the scheduling of RAR PDSCH to be within 5 MHz
· Option 2: Allow the scheduling of RAR PDSCH to be larger than 5 MHz (as in legacy operation)
· FFS: whether 5MHz is assumed to be physically contiguous



Like paging PDSCH, the RAR PDSCH size depends on the number of RAR PDUs that the network is to respond to the detected Msg1 preambles from the same RACH occasion. Furthermore, it is reasonable to assume that the number of RAR PDUs carried in one RAR PDSCH should not be large most of the time since NW should allocate sufficient RACH resources to mitigate PRACH collision. 
[bookmark: _Ref118749099]Observation 20: The number of PRBs required for RAR PDSCH transmission depends on the number of RAR PDUs carried in one RAR PDSCH. 
[bookmark: _Ref118748719]Proposal 16: When a RAR PDSCH is not larger than 5MHz-PRBs, it can be shared for eRedCap UEs and legacy UEs (i.e., non-RedCap and Rel-17 RedCap UEs). 
[bookmark: _Ref118741872][bookmark: _Ref118741849]Proposal 17: When a RAR PDSCH is larger than 5MHz-PRBs, down select from the following options: 
· Option 1: Support shared RAR PDSCH to be scheduled in RB resources larger than 5MHz
· FFS: Whether/how to relax minimum time gap between RAR (Msg2) and PUSCH 
· FFS: Whether this requires separate Msg1 early indication 
· Option 2: Support dedicated RAR PDSCH to be scheduled in RB resources not larger than 5MHz for Rel-18 eRedCap
· FFS: Whether this requires separate Msg1 early indication
· Note: gNB needs to transmit a separate PDCCH (with the same RA-RANTI) for eRedCap 

For Option 1, gNB can operate in a legacy way and transmit all RAR PDUs corresponding to the same RO in one PDSCH in one slot. However, Option1 may require relaxing the minimum timing requirement (N1+N2+0.5msec) between RAR and Msg3 for eRedCap UEs. The time relaxation only needed when the RAR PDSCH is scheduled in a number of RBs that exceed the eRedCap UEs’ processing bandwidth. 
For Option 2, gNB needs to multiplex RAR PDUs for eRedCap UEs into a separate PDSCH and transmit the PDSCH in a separate slot since there are no two PDCCHs to be scrambled with the same (RA-)RNTI. 
Both Option1 and Option 2 may or may not require separate Msg1 early indication depending on gNB’s implementation. 
Uplink channels and signals  
	Agreement
Replace the agreement on the maximum number of PRBs supported by UE with the following:
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 1: 28 PRBs for 15 kHz SCS and 14 PRBs for 30 kHz SCS
· Option 2: 27 PRBs for 15 kHz SCS and 13 PRBs for 30 kHz SCS
· 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 (at least for unicast), down-select between the following options for the maximum number of PRBs that the UE can process per slot:
· Option 1: 28 PRBs for 15 kHz SCS and 14 PRBs for 30 kHz SCS
· Option 2: 27 PRBs for 15 kHz SCS and 13 PRBs for 30 kHz SCS
· 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 (at least for unicast) and PUSCH.
Agreement 
For UE BB bandwidth reduction, a UE is not expected to receive an UL grant in a DCI with a PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.
Agreement
· For UE BB bandwidth reduction, a UE is not expected to be configured with a CG grant with a PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.
· For UE BB bandwidth reduction, it is FFS whether a UE can be expected to receive an UL grant in a RAR with a Msg3 PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.



Based on the following IE in RACH configuration, Msg3 size can be as large as 1000bits or larger. In that case, 5MHz resource allocation may not be sufficient. On the other hand, Msg3 repetition has been agreed by R17 coverage enhancement WI. If UE indeed needs to transmit a large payload size in Msg3, repetition can be utilized to enhance its coverage. 
	ra-Msg3SizeGroupA ENUMERATED {b56, b144, b208, b256, b282, b480, b640,
b800, b1000, b72, spare6, spare5,spare4, spare3, spare2, spare1}



Proposal 18:  For UE BB bandwidth reduction, UE is not expected to receive an RAR UL grant with a PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.
Early Indication 
Based on our analysis in section 3.3, for gNB to properly schedule RAR PDSCH (Option 2 in Proposal 17) or RAR UL grant (Option 1 in Proposal 17), a separate early indication via Msg1 may be needed. 
[bookmark: _Ref118748785]Proposal 19: A separate Msg1 early indication may be considered for gNB to properly schedule RAR PDSCH or RAR UL grant. 
Conclusions 
[bookmark: _Ref95547977][bookmark: _Ref528853922][bookmark: _Ref481596356][bookmark: _Ref481781528][bookmark: _Ref481782557][bookmark: _Ref101789663][bookmark: _Ref102081114]In the contribution, we have the following observations. 
Observation 1: Complexity difference between PR3 and BW3 on UE post-FFT buffering is less than 1% in FDD and TDD w.r.t the reference Rel-17 RedCap UEs.
Observation 2: If eRedCap UE can only receive 5MHz of PDSCH data per slot, it requires UE to receive SIB1 and perform soft combing of SIB PDCHs over a duration of multiple SIB1 periodicities at the expense of UE power consumption and initial access latency.
Observation 3: To receive a 20MHz SIB1 PDSCH, eRedCap UEs are likely to have post-FFT buffering not smaller than 20MHz and receive 20MHz SIB1 PDSCH in one slot.
Observation 4: UE reception scheme 2 has higher power saving gain than UE reception scheme 1 in the evaluated scenarios.
Observation 5: UE power saving gain can be further enhanced significantly if UE reception scheme 2 is configured with other power saving methods. (e.g., a short inactivity timer)
Observation 6: The proposed UE reception scheme 2 reduces PDCCH scheduling overhead by about 80% in the evaluated IM traffic model.
Observation 7: For Rel-18 eRedCap UEs, PDCCH link performance is not degraded because its complexity and resource allocation are not reduced compared to Rel-17 RedCap UEs.
Observation 8: At most 5 bits of FDRA field size reduction can be achieved by FDRA optimization when a 2-bit indication for which 5MHz sub-band to be allocated is also included in DCI.
Observation 9: The maximum reduction of 5 bits in FDRA field only leads to SNR improvement of 0.27 dB to 0.44 dB.
Observation 10: The size of a paging message depends on the number of UEs that the paging message is intended to page.
Observation 11: Collected data shows that more than 70%, paging PDSCHs are allocated with RB resources that are not greater than 5MHz.
Observation 12: To support dedicated paging messages (PDSCH) for Rel-18 eRedCap, gNB needs to distinguish which paging records are intended for Rel-18 eRedCap UEs.
Observation 13: Additional information exchange is required for both between AMF and gNB and between gNB and gNB so that gNBs can learn the capabilities of the UE to be paged when transmitting a paging record.
Observation 14: Dedicated paging (PDSCH) messages can be achieved by gNB’s scheduling without configuring dedicated POs or paging PDCCH configuration for eRedCap UEs. But this method will increase paging false alarm rates for legacy non-RedCap and R17 RedCap UEs.
Observation 15: If dedicated POs and/or paging PDCCH configuration can be configured for eRedCap UEs, paging false alarm rates are not increased for legacy non-eRedCap UEs. However, RAN2’s involvements may be needed.
Observation 16: Repeated transmissions of a same paging message for a given SSB significantly increase network’s overhead for paging. Some specification changes are also identified.
Observation 17: eRedCap UEs with only 5MHz processing bandwidth need to consider which PDSCHs to be prioritized for reception and processing in RRC Idle and Inactive modes.
Observation 18: In RRC_CONNECTED state, paging is for short messages and hence paging PDCCH (scrambled by P-RNTI) is transmitted without paging PDSCH (PCH).
Observation 19: No scheduling restriction is identified for eRedCap to receive paging in connected mode where only paging PDCCH (without PDSCH) is expected.
Observation 20: The number of PRBs required for RAR PDSCH transmission depends on the number of RAR PDUs carried in one RAR PDSCH.


We summarize our proposals as follows. 
Proposal 1: No separate initial DL and UL BWP configurations are needed for eRedCap.
Proposal 2: As legacy, center frequencies of uplink BWP and downlink BWP pairs are aligned in TDD.
Proposal 3: For UE BB bandwidth reduction, the assumption on UE post-FFT buffering is not smaller than 20MHz for every OFDM symbol.
Proposal 4: For UE BB bandwidth reduction, the same assumption on UE post-FFT buffering is applied for both broadcast and unicast PDSCH receptions.
Proposal 5: Extend the agreement on the number of PRBs that UE can process per slot for unicast PDSCH to broadcast PDSCH and multicast PDSCH:
For UE BB bandwidth reduction, for broadcast and multicast PDSCHs, down-select between the following options for the maximum number of PRBs that the UE can process per slot:
· Option 1: 28 PRBs for 15 kHz SCS and 14 PRBs for 30 kHz SCS
· Option 2: 27 PRBs for 15 kHz SCS and 13 PRBs for 30 kHz SCS
· 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 is chosen as unicast PDSCH. 
Proposal 6: Support both UE reception schemes 1 and 2 for eRedCap UEs:
· In UE reception scheme1, PDSCH transmission bandwidth is confined to UE’s processing bandwidth of 5MHz. 
· In UE reception scheme 2, PDSCH transmission bandwidth can be wider than UE’s processing bandwidth. Once UE receives a PDSCH, UE can turn of its RF for power saving in the following N slots. FFS: N. 

Proposal 7: Reduction of FDRA field size is not supported for fallback DCI formats 0_0 and 1_0.
Proposal 7: Reduction of FDRA field size is not supported for fallback DCI formats 0_0 and 1_0.
Proposal 8: Reduction of FDRA field size is not supported in any DCI format for Rel-18 eRedCap UEs.
Proposal 9: Dedicated SIB1 and broadcast OSI transmissions for Rel-18 eRedCap are not supported.
Proposal 10: When the number of RBs required for scheduling a paging message (PDSCH) is not larger than 5MHz, support that paging records for eRedCap UEs can be carried in the same paging message (PDSCH) with paging records for other non-eRedCap UEs.
Proposal 11: When the number of RBs required for scheduling a paging message (PDSCH) is larger than 5MHz, down-select between the following two options:
· Option 1: Support separate paging messages (PDSCH) dedicatedly for eRedCap UEs that are scheduled with a number of RBs not larger than 5MHz. 
· Option 2: Support paging messages (PDSCH) shared between eRedCap and non-eRedCap UEs that are scheduled with a number of RBs larger than 5MHz.

Proposal 12: If dedicated paging PDSCH for eRedCap UEs is to be further considered in RAN1, send an LS to RAN3 for their inputs.
Proposal 13: Configuring more than one PDCCH monitoring occasion per SSB in a PO is not considered for eRedCap operating in licensed spectrum.
Proposal 14: Support paging message (PDSCH) shared between eRedCap and non-eRedCap UEs that can be scheduled with a number of RBs greater than 5MHz.
Proposal 15: In RRC_IDLE and RRC_INACTIVE, when paging PDSCH is scheduled in RB resource greater than 5MHz, which PDSCH among paging, RACH messages, and SIB to be prioritized for reception and processing is decided by one of the following options:
· Alt-1: up to UE implementation
· Alt-2: reception and processing of RACH messages is prioritized over that of paging messages, and reception and processing of paging messages is prioritized over that of SIB messages 

Proposal 16: When a RAR PDSCH is not larger than 5MHz-PRBs, it can be shared for eRedCap UEs and legacy UEs (i.e., non-RedCap and Rel-17 RedCap UEs).
Proposal 17: When a RAR PDSCH is larger than 5MHz-PRBs, down select from the following options:
· Option 1: Support shared RAR PDSCH to be scheduled in RB resources larger than 5MHz
· FFS: Whether/how to relax minimum time gap between RAR (Msg2) and PUSCH 
· FFS: Whether this requires separate Msg1 early indication 
· Option 2: Support dedicated RAR PDSCH to be scheduled in RB resources not larger than 5MHz for Rel-18 eRedCap
· FFS: Whether this requires separate Msg1 early indication
· Note: gNB needs to transmit a separate PDCCH (with the same RA-RANTI) for eRedCap

Proposal 19: A separate Msg1 early indication may be considered for gNB to properly schedule RAR PDSCH or RAR UL grant.
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Appendix A: UE power consumption evaluation
In Appendix A, we provide the SLS simulation parameters (Table 9) and the power derivation for baseband bandwidth reduction. 
[bookmark: _Ref115429377]Table 9: Parameter of System Level Simulation
	Simulation parameters 
	value

	Deployment
	3GPP Dense Urban, 7 sites, 3 sectors per site

	Channel model
	3D-UMa

	SCS
	30 kHz 

	Frame structure for TDD
	DDDDDDDSUU (S: 6D:4G:4U)

	BS Tx antennas number
	64TX; (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1)

	UE Rx antennas number, (MIMO layer)
	2 RX; (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), (2 layer)
1 RX; (M, N, P, Mg, Ng) = (1, 1, 1, 1, 1), (1 layer)

	Power class 
	PC 3

	Modulation
	DL 64 QAM 

	bandwidth
	20MHz
· Scheduling scheme 1: 20 MHz PDCCH, 5 MHz PDSCH 
· Scheduling scheme 2: 20 MHz PDCCH, 20 MHz PDSCH

	Traffic
	
	Instant messaging (IM)

	
	Model
	FTP model 3

	
	Packet size
	0.1 Mbytes

	
	Mean inter-arrival time
	2 seconds

	
	DRX setting
	(Period, On duration, IAT) ms
Setting 1: (320, 10, 80)
Setting 2: (320, 10, 10)



[bookmark: _Ref115429389][bookmark: _Ref115432587][bookmark: _Ref115437988]Table 10: UE power consumption model for FR1. 
	Power State
	Relative power for 100MHz UE
(from TR 38.840)
	Relative power for 20MHz UE
(from TR 38.875Error! Reference source not found.)

	Deep Sleep (PDS)
	1
	0.8

	Light Sleep (PLS)
	20
	18

	Micro sleep (PMS)
	45
	31

	PDCCH-only ()
	100 for same-slot scheduling
70 for cross-slot scheduling
	50 for same-slot scheduling, 
40 for cross-slot scheduling

	PDCCH + PDSCH (PPDCCH+PDSCH)
	300
	120

	PDSCH-only (PPDSCH)
	280
	112

	SSB/CSI-RS proc. (PSSB)
	100
	50



In both scheduling schemes, the data baseband is reduced from 20MHz to 5MHz. To analyse the power consumption, the power of baseband reduction is derived as the following. 
Firstly, it can be observed from the value of Table 10, the power of “PDCCH + PDSCH” (PPDCCH+PDSCH) and “PDSCH-only” (PPDSCH) are scaling down 0.4 times when the bandwidth is scaling down 0.2 times (100MHz to 20MHz). Then, we can simply get the scaling factor from 20MHz to 5MHz (is 0.5.
	
	[bookmark: _Ref115439909](1)


Secondly, to get the power only scaling down on data baseband, we decouple the power of power states into PF, control baseband, data baseband. Figure 4 illustrates the components of power states. Then, we can have the following formulas:
	
	[bookmark: _Ref115439913](2)

	
	[bookmark: _Ref115439914](3)

	
	(4)



where α and β equal the time portion of RF in “PDCCH only” and “PDSCH only”, respectively

[image: ]
[bookmark: _Ref115382228][bookmark: _Ref115382224]Figure 4: Components of power states

Thirdly, we derive the power of each component by Table 10 and equation (1), (2) and (3).
From Table 10, we can get the power of “PDCCH + PDSCH” equals
	
	[bookmark: _Ref115445379](5)



From equation (2) - (3), the power of   equals (5). 
Assume that  (turn on RF part 13 symbols within a slot), we can derive the power of  equals to 3.33, and the power of  equals to 51.33.
Assume that  (turn on RF part 10 symbols within a slot), the power of RF = 65.33
To simplify the power state, we round off the value of each component as Table 11.
[bookmark: _Ref115440798][bookmark: _Ref115440771]Table 11: Power value of RF and BB
	Power value (unit)
	20MHz RF and Control
20MHz BB BW
	20MHz RF and Control
5MHz BB BW (PDSCH)

	RF
	65
	65

	control baseband
	3
	3

	data baseband 
	51
	31 from (7)



Finally, we can get the power of  with data baseband scaling down from 20MHz to 5MHz equals to
	
	(6)



The power of  in scheduling scheme 2 can be calculated by the following equation.
	
	[bookmark: _Ref115444182](7)
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