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In RAN1#112b-e meeting[1], the following agreements were reached:
	UE BB bandwidth reduction:
Msg 4 PDSCH bandwidth
Agreement
Confirm the following working assumption by assuming that Msg3 indication is available
Working Assumption
· For UE BB complexity reduction, a UE is able to receive a Msg4 PDSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot.
· The UE is not required to process a Msg4 PDSCH with a larger number of PRBs than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.
SI PDSCH
Agreement
Update the agreements for SI PDSCH with the clarification as follows:
· For UE BB bandwidth reduction, for SIB1 (PDSCH),
· Allow the scheduling of SIB1 to be larger than 5 MHz (as in legacy operation). The scheduling of SIB1 PDSCH is allowed to be larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.
· 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). The scheduling of OSI PDSCH is allowed to be larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.
RAR bandwidth
Agreement
Down-select one among the following options in RAN1#113:
· Option 1:
· For the “FFS: value(s) of X”,
· X = 0.5/0.25 ms for 15/30 kHz SCS
· Note: Legacy default TDRA table and Δ are reused.
· A network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs is not supported.
· When Msg1 indication for Rel-17 RedCap UEs is configured, it is used by Rel-18 eRedCap UEs (with or without UE BB bandwidth reduction).
· Option 2:
· For the “FFS: value(s) of X”,
· X = 1/0.5 ms for 15/30 kHz SCS
· Note: Legacy default TDRA table and Δ are reused.
· A network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs is not supported.
· When Msg1 indication for Rel-17 RedCap UEs is configured, it is used by Rel-18 eRedCap UEs (with or without UE BB bandwidth reduction).
· Option 3:
· For the “FFS: value(s) of X”,
· X = 1/0.5 ms for 15/30 kHz SCS
· FFS: Whether legacy default TDRA table and Δ are reused.
· A network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs is supported.
· When Msg1 indication for Rel-18 eRedCap UEs is configured, it is used by Rel-18 eRedCap UEs (with or without UE BB bandwidth reduction).
· Option 4:
· For the “FFS: value(s) of X”,
· X = 0.5/0.25 ms for 15/30 kHz SCS
· Note: Legacy default TDRA table and Δ are reused.
· A network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs is supported.
· When Msg1 indication for Rel-18 RedCap UEs is configured, it is used by Rel-18 eRedCap UEs (with or without UE BB bandwidth reduction).

Agreement
The potential timeline relaxations for the following cases are FFS:
· For 2-step RACH:
· Case 2a: Between reception of fallbackRAR and transmission of Msg3
· Case 2b: Between reception of successRAR and transmission of corresponding HARQ-ACK
· For 4-step RACH:
· Case 4a: Between reception of RAR PDSCH in which UE does not correctly receive the transport block and upcoming transmission of PRACH
· Case 4b: Between reception of RAR with RAPID which is not associated with the corresponding PRACH transmission and upcoming transmission of PRACH

Simultaneous reception

Conclusion
For UE BB bandwidth reduction, for autonomous SI acquisition, the following paragraph in TS 38.214 clause 5.1 still applies:
· “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.”
· FFS: Msg4 PDSCH scheduled by TC-RNTI case



In this contribution, features that further reduce UE complexity will be discussed.
Discussion on further UE complexity reduction features
UE BB bandwidth reduction
Early indication
[bookmark: _GoBack]Early Indication was introduced in R17 and is mainly used for network devices to identify UE types, such as R17 Redcap UE and legacy UE. If there is no early indication, the network will not be able to distinguish whether the current UE is a legacy UE or a Redcap UE, so that the network will perform the same conservative treatment on different types of UEs. This is unfair to UEs with different energy consumption or latency requirements. Similarly, if R18 eRedcap UE reuses the early indication of R17 Redcap UE, the network will schedule R17 Redcap UE and R18 eRedcap UE according to the maximum BB bandwidth supported by R18 eRedcap UE, which is inappropriate and unfair to R17 Redcap UE. In addition, since the number of PRBs scheduled by the RAR PDSCH of the R18 Redcap UE is different, the time interval between RAR reception and Msg3 transmission is different. Therefore, if the R17 Redcap UE and the R18 Redcap UE with BB bandwidth reduction use the same Msg1 early indication, it will lead to the problem of extended delay of the R17 Redcap UE. Therefore, it is necessary to introduce an early indication of Msg1 for R18 eRedcap that is different from that of R17 eRedcap. 
Proposal 1  Msg 1 early indication for R18 eRedcap with BB bandwidth reduction should be supported.
Random access timeline
In RAN1#112b-e meeting, the following agreement were reached.
	Agreement
Down-select one among the following options in RAN1#113:
· Option 1:
· For the “FFS: value(s) of X”,
· X = 0.5/0.25 ms for 15/30 kHz SCS
· Note: Legacy default TDRA table and Δ are reused.
· A network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs is not supported.
· When Msg1 indication for Rel-17 RedCap UEs is configured, it is used by Rel-18 eRedCap UEs (with or without UE BB bandwidth reduction).
· Option 2:
· For the “FFS: value(s) of X”,
· X = 1/0.5 ms for 15/30 kHz SCS
· Note: Legacy default TDRA table and Δ are reused.
· A network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs is not supported.
· When Msg1 indication for Rel-17 RedCap UEs is configured, it is used by Rel-18 eRedCap UEs (with or without UE BB bandwidth reduction).
· Option 3:
· For the “FFS: value(s) of X”,
· X = 1/0.5 ms for 15/30 kHz SCS
· FFS: Whether legacy default TDRA table and Δ are reused.
· A network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs is supported.
· When Msg1 indication for Rel-18 eRedCap UEs is configured, it is used by Rel-18 eRedCap UEs (with or without UE BB bandwidth reduction).
· Option 4:
· For the “FFS: value(s) of X”,
· X = 0.5/0.25 ms for 15/30 kHz SCS
· Note: Legacy default TDRA table and Δ are reused.
· A network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs is supported.
· When Msg1 indication for Rel-18 RedCap UEs is configured, it is used by Rel-18 eRedCap UEs (with or without UE BB bandwidth reduction).



According to the meeting of RAN1#111 and RAN1#112, the scheduling of RAR PDSCH is allowed to be larger than the maximum number of unicast PRBs that the UE can process per slot. Therefore, the minimum processing time between RAR PDSCH and Msg3 needs to be increased. According to RAN1#112b-e meeting, the minimum processing time between RAR PDSCH and Msg3 needs to be increased by Xms, and the value of X can be X=[0.5/0.25] or X=[1/0.5]. Further, according to TS 38.214, NT,1 and NT,2 respectively correspond to the duration of N1 and N2 symbols for PDSCH processing and PUSCH preparation. Therefore, the minimum processing time between RAR PDSCH and Msg3 is shown in Table 1: 
Table 1 Minimum processing time between RAR PDSCH and Msg3 in symbols
	
	RAR BW ≤ 5 MHz
NT,1 + NT,2 + 0.5ms=N1+N2+0.5ms
	RAR BW > 5 MHz
with X = 0.5 / 0.25 ms
NT,1 + NT,2 + 0.5 + X=N1+N2+0.5ms+X
	RAR BW > 5 MHz
with X = 1 / 0.5 ms
NT,1 + NT,2 + 0.5 + X==N1+N2+0.5ms+X

	0
	14+10+7=31(symbol)
	14+10+7+7=38(symbol)
	14+10+7+14=45(symbol)

	1
	13+12+14=39(symbol)
	13+12+14+7=46(symbol)
	13+12+14+14=53(symbol)


According to TS 38.214, if RAR PDSCH is transmitted in slot n, Msg3 is transmitted in slot n+K2+Δ, where K2 and Δ are respectively determined by the default TDRA tables 6.1.2.1.1-2 and 6.1.2.1.1-5 in TS 38.214. Further, according to the minimum processing time requirements of RAR PDSCH and Msg3 given in Table 1, the available row index of K2 that meets Msg3 scheduling requirements in the default TDRA table 6.1.2.1.1-2 can be obtained. Specifically, the available row indexes that meet Msg3 scheduling requirements in default TDRA Table 6.1.2.1.1-2 are shown in Table 2. 
Table 2  the available row indexes that meet Msg3 scheduling requirements in default TDRA Table 6.1.2.1.1-2
	
	RAR BW ≤ 5 MHz

	RAR BW > 5 MHz
with X = 0.5 / 0.25 ms
NT,1 + NT,2 + 0.5 + X=N1+N2+0.5ms+X
	RAR BW > 5 MHz
with X = 1 / 0.5 ms
NT,1 + NT,2 + 0.5 + X==N1+N2+0.5ms+X

	0
	available row index: 8, 9, 10, 11, 12, 13, 15 and 16
	available row index: 8, 9, 10, 11, 12, 13, 15 and 16
	available row index: 11, 12, 13, 15 and 16

	1
	available row index: 1~16
	available row index: 8, 9, 10, 11, 12, 13, 15 and 16
	available row index: 8, 9, 10, 11, 12, 13, 15 and 16


According to Table 2, compared with the original Msg 3 scheduling time, regardless of X=0.5/0.25 ms or X=1/0.5 ms, the row index in the default TDRA table cannot be completely reused by the R18 eRedcap UE. In addition, from our point of view, compared with X=0.5/0.25 ms, X=1/0.5 ms can also reserve more time for RAR PDSCH with a bandwidth greater than 5 MHz to complete channel estimation modules or other modules that need longer processing times due to the change in the number of PRBs. To sum up, X=1/0.5ms is more suitable to meet the minimum processing time requirement between RAR PDSCH and Msg3.
Combined with the analysis of 2.1.1, Option 3 should be supported.
Observation 1  It is observed that regardless of X=0.5/0.25 ms or X=1/0.5 ms, the row index in the default TDRA table cannot be completely reused by the R18 eRedcap UE.
Proposal 2  From the perspective of RAN1, Option 3 should be supported.
Simultaneous reception
The simultaneous reception of unicast PDSCH and SI PDSCH triggered by P-RNTI has been widely discussed in RAN1#112b-e. According to the current protocol, it can be known that the legacy UE can simultaneously decode the unicast PDSCH and the SI PDSCH triggered by the P-RNTI. But for Rel-18 eRedCap UE with BB bandwidth reduction , since the maximum number of unicast PRBs that UE can process per slot is 5MHz, if the frequency division multiplexing bandwidth of unicast PDSCH and SI PDSCH triggered by P-RNTI exceeds 5MHz, then The UE cannot simultaneously decode the unicast PDSCH and the SI PDSCH triggered by the P-RNTI. Further, the current protocol stipulates that when unicast decoding is based on capability 2 processing time, the SI PDSCH triggered by the P-RNTI should be decoded first, and the unicast PDSCH can be skipped. That is to say, according to the current protocol , P-RNTI has higher priority than unicast PDSCH. To sum up, when the frequency division multiplexing bandwidth of the unicast PDSCH and SI PDSCH triggered by P-RNTI exceeds 5 MHz, UE should prioritize decoding the SI PDSCH  triggered by P-RNTI, and UE can skip decoding unicast PDSCH. In addition, when the frequency division multiplexing bandwidth of the unicast PDSCH and the SI PDSCH triggered by the P-RNTI is less than 5MHz, the UE can simultaneously decode the unicast PDSCH and the SI PDSCH.
Proposal 3  The SI PDSCH triggered by P-RNTI should be decoded prior to the unicast PDSCH.
MsgB PDSCH bandwidth
	Agreement
Confirm the following working assumption by assuming that Msg3 indication is available
Working Assumption
· For UE BB complexity reduction, a UE is able to receive a Msg4 PDSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot.
· The UE is not required to process a Msg4 PDSCH with a larger number of PRBs than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.



According to our understanding, both MsgB and Msg4 are unicast PDSCH, and the UE type has been known from MsgA before processing Msg B. Therefore, the bandwidth of MsgB PDSCH should be limited like Msg4 PDSCH.
Proposal 4  MsgB PDSCH can be limited like Msg4 PDSCH.
UE peak data rate reduction
The following agreements were reached RAN1#112 meeting[2].
	Agreement:
Revise the earlier agreement by removing the square brackets like this:
· 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

Agreement:
For the relaxed constraint X in the following earlier RAN1 agreement, down-select between X = 3 and X = 3.2.
	· UE peak data rate reduction is supported at least as an add-on to UE BB bandwidth reduction,
· The constraint vLayers·Qm·f ≥ 4 is relaxed to vLayers·Qm·f ≥ X.
· FFS: the value of X






In fact, according to 38.306, the data rate is calculated as follows:



where Rmax = 948/1024,   .
If UE peak data rate reduction is an add-on technique to UE BB bandwidth reduction, the relationship between DL data rate and vLayers·Qm·f is in the Table 1 
Table 1
	OH value
	
maximum RB allocation =25 for 15KHz
	
maximum RB allocation =12 for 30KHz

	0.14 and vLayers·Qm·f=3
	DL data rate: 10.03MHz
	DL data rate: 9.6MHz

	0.08 and vLayers·Qm·f=3
	DL data rate: 10.7MHz
	DL data rate: 10.3MHz

	0.14 and vLayers·Qm·f=3.2
	DL data rate: 10.7MHz
	DL data rate: 10.2MHz

	0.08 and vLayers·Qm·f=3.2
	DL data rate: 11.4MHz
	DL data rate: 10.9MHz


From the table we can know that if UE peak data rate reduction is an add-on technique to UE BB bandwidth reduction, then the value of vLayers·Qm·f that meets the minimum DL peak rate of 10 Mbps can be relaxed to 3.2.
Proposal 5  If UE peak data rate reduction is an add-on technique to UE BB bandwidth reduction, the constraint (vLayers·Qm·f) value can be relaxed to 3.2.
According to the discussion in RAN#99 meeting[3], UE peak data rate reduction can be an standalone technique.
	Proposal
Rel-18 eRedCap UE capable of 20MHz + PR1 and Rel-18 eRedCap UE capable of BW3/PR3 + PR1 are designed/targeted to same peak data rate, i.e., 10Mbps
Note 1: Peak data rate of "Rel-18 eRedCap: UE capable of 20MHz + PR1" and "Rel-18 eRedCap: UE capable of BW3/PR3 + PR1" is same including unicast and broadcast respectively.
Note 2: PRB processing capability of "Rel-18 eRedCap: UE capable of 20MHz + PR1" is not limited to "25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS" and it corresponds to PRB size corresponding to 20 MHz.
Note 3: The only difference between "Rel-18 eRedCap: UE capable of 20MHz + PR1" and "Rel-18 eRedCap: UE capable of BW3/PR3 + PR1" is Note 2 and vLayers·Qm·f   in order to have the same peak rate.
Note 4: The initial access procedure of Rel-18 eRedCap UE capable of 20MHz + PR1 is realized by following:
· Same as Rel-18 eRedCap UE capable of BW3/PR3 + PR1



Similarly, if UE peak data rate reduction is an standalone technique, the maximum RB allocation in columns 2-3 in Table 1 can be modified to the number of PRBs corresponding to 20MHz. The 20MHz bandwidth and its corresponding peak rate are shown in Table 2.
Table 2
	OH value
	
maximum RB allocation =106 for 15KHz
	
maximum RB allocation =51 for 30KHz

	0.14 and vLayers·Qm·f=1
	DL data rate: 14MHz
	DL data rate: 13.6MHz

	0.08 and vLayers·Qm·f=1
	DL data rate: 15.2MHz
	DL data rate: 14.6MHz

	0.14 and vLayers·Qm·f=0.8
	DL data rate: 11.3MHz
	DL data rate: 10.9MHz

	0.08 and vLayers·Qm·f=0.8
	DL data rate: 12.1MHz
	DL data rate: 11.7MHz

	0.14 and vLayers·Qm·f=0.7
	DL data rate: 9.9MHz
	DL data rate: 9.5MHz

	0.08 and vLayers·Qm·f=0.7
	DL data rate: 10.6MHz
	DL data rate: 10.2MHz


From the table we can know that if UE peak data rate reduction is an standalone technique technique to UE BB bandwidth reduction, then the value of vLayers·Qm·f that meets the minimum DL peak rate of 10 Mbps can be relaxed to 0.8.
Proposal 6  If UE peak data rate reduction is an standalone technique, the constraint (vLayers·Qm·f) value can be relaxed to 0.8.
Conclusions
In this contribution, the features of UE complexity reduction are discussed, and the following observations and proposals are made.
Observation 1  It is observed that regardless of X=0.5/0.25 ms or X=1/0.5 ms, the row index in the default TDRA table cannot be completely reused by the R18 eRedcap UE.
Proposal 1  Msg 1 early indication for R18 eRedcap can be introduced.
Proposal 2  From the perspective of RAN1, Option 3 should be supported.
Proposal 3  The SI PDSCH triggered by P-RNTI should be decoded prior to the unicast PDSCH.
Proposal 4  MsgB PDSCH can be limited like Msg4 PDSCH.
Proposal 5  If UE peak data rate reduction is an add-on technique to UE BB bandwidth reduction, the constraint (vLayers·Qm·f) value can be relaxed to 3.2.
Proposal 6  If UE peak data rate reduction is an standalone technique, the constraint (vLayers·Qm·f) value can be relaxed to 0.8.
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