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[bookmark: _Ref129681832]There are following remaining issues on scheduling and HARQ processing time.
· Simultaneous PDSCH receptions for UE in IDLE MODE and IN-ACTIVE MODE
· Processing time for PDSCH type A and type B
· Processing time for back-to-back scheduling
· Scheduling consideration for SI PDSCH
· Processing time relaxation for PDCCH overbooking
· Processing time for UCI multiplexing
· The conditions and processing time values of (N1,N2) for capability #2
This document discusses these remaining issues and provides our proposals. 
[bookmark: OLE_LINK62][bookmark: OLE_LINK63][bookmark: OLE_LINK127][bookmark: OLE_LINK128]Discussion
Simultaneous PDSCH receptions for UE in IDLE MODE and IN-ACTIVE MODE
There are rich agreements and working assumptions were made on simultaneous PDSCH receptions
Agreements:
· The UE is not expected to receive both C-RNTI PDSCH and CS-RNTI PDSCH from the primary cell if they are overlapped with at least one symbol.
· If both RA-RNTI PDSCH and C-RNTI (or CS-RNTI) PDSCH for a given UE from the primary cell are overlapped with at least one symbol, the UE may skip decoding C-RNTI (or CS-RNTI) PDSCH.

Agreements:
The previous WA is confirmed with updates:
· While UE acquires SI upon being triggered by Paging DCI
· UE is not required to decode C-RNTI PDSCH if the SI-RNTI PDSCH is overlapped with at least one symbol
· In case UE autonomously monitors SI-RNTI PDCCH while monitoring C-RNTI PDCCH, and both SI-RNTI PDSCH and C-RNTI PDSCH are overlapped with at least one symbol, the UE is not required to decode SI-RNTI PDSCH
·  (Working assumption)The first two bullets apply unless TBS of SI-RNTI PDSCH ≤ 2976 for FR1, then UE decodes both SI-RNTI PDSCH and C-RNTI PDSCH 
· The first two bullets always apply in FR2

Agreements:
· Confirm the following working assumption:
· P-RNTI PDSCH is not required to be decoded by UE in RRC_CONNECTED mode
· Note: P-RNTI PDCCH may not schedule a P-RNTI PDSCH but rather carries the message by itself, which may be used for e.g. systemInfoModification, cmas-Indication, and etws-Indication
From the above it can be observed with an order that SI-RNTI PDSCH carrying update which may be triggered by P-RNTI PDCCH, or RA-RNTI PDSCH > unicast PDSCH > autonomously monitored SI-RNTI PDSCH.
For UE in IDLE mode or in RRC_INACTIVE, there is the following simultaneous reception scenario:
· SI-RNTI + P-RNTI+RA-RNTI/TC-RNTI 
Since UE is not expected to receive more than 2 PDSCH simultaneously, companies have discussed this issue but no conclusion on the priority. 
If the P-RNTI PDCCH for UE in IDLE or INACTIVE mode can also carry some messages as that for a UE in RRC_CONNECTED mode and a UE is not required to decode the P-RNTI PDSCH, then considering the order we take from the case of two PDSCHs and further considering that P-RNTI PDCCH triggered SI-RNTI PDSCH needs to reach all UEs within a cell while RA-RANTI PDSCH corresponds to a group of UEs, SI message shall have the highest priority if updated and lowest priority if autonomously monitored. 
Otherwise, P-RNTI PDSCH shall have the highest priority.
Proposal 1: If SI-RNTI PDSCH, P-RNTI, and RA-RNTI/TC-RNTI PDSCH for a given UE from the primary cell are overlapped with at least one symbol, 
· if the UE decodes the systemInfoModification from P-RNTI PDCCH, the UE is not required to decode P-RNTI PDSCH, and 
· may skip receiving RA-RNTI (or TC-RNTI) PDSCH if UE acquires SI upon being triggered by Paging DCI. 
· may skip receiving SI-RNTI PDSCH in case UE autonomously monitors SI-RNTI PDCCH.
· Otherwise, the UE decodes P-RNTI PDSCH and may skip receiving other PDSCHs
Processing time for PDSCH mapping type A and mapping type B
RAN1 has made the following clarification on when the processing time values of additional DMRS are used and when the processing time values of front loaded DMRS are used. 
Agreements:
The following text proposal is adopted to clarify that N1 processing time at least follows the semi-static configuration for DMRS, and not that resulting from the allocation. 
------ Text Proposal for TS 38.214 Subclause 5.3 ------
-	N1 is based on µ of table 5.3-1 that corresponds to the min (µDL, µUL) where the µDL corresponds to the subcarrier spacing of the downlink with which the PDSCH was transmitted and µUL corresponds to the subcarrier spacing of the uplink channel with which the HARQ-ACK is to be transmitted. If the higher layer parameter dmrs-AdditionalPosition is configured with a value greater than 0, or if the high layer parameter is not configured, then N1  value follows from the second column of table 5.3.1; otherwise, the N1 value follows from the first column of table 5.3-1.
However, based on current RRC specification [2], the positions of DMRS for type A and type B are configured independently. This gives more scheduling flexibility for the network. For example, the URLLC PDSCH can be configured with a mapping type B PDSCH with no additional DMRS to reduce the latency. And the eMBB PDSCH can be configured with a mapping type A PDSCH with additional DMRS to improve the reliability. There are two understandings to interpret this part. 
Alt 1. For a PDSCH configuration, if the higher layer parameter dmrs-AdditionalPosition for dmrs-DownlinkForPDSCH-MappingTypeA is configured with a value greater than 0, or if the higher layer parameter dmrs-AdditionalPosition for dmrs-DownlinkForPDSCH-MappingTypeB is configured with a value greater than 0, or if the high layer parameter is not configured, then N1  value follows from the second column of table 5.3.1; otherwise, the N1 value follows from the first column of table 5.3-1.
Alt 2. For a PDSCH configuration, if the higher layer parameter dmrs-AdditionalPosition for dmrs-DownlinkForPDSCH-MappingTypeA is configured with a value greater than 0, or if the high layer parameter dmrs-AdditionalPosition for dmrs-DownlinkForPDSCH-MappingTypeA is not configured, then N1  value for PDSCH mapping type A follows from the second column of table 5.3.1; otherwise, the N1 value for PDSCH mapping type A follows from the first column of table 5.3-1. For a PDSCH configuration, if the higher layer parameter dmrs-AdditionalPosition for dmrs-DownlinkForPDSCH-MappingTypeB is configured with a value greater than 0, or if the high layer parameter dmrs-AdditionalPosition for dmrs-DownlinkForPDSCH-MappingTypeB is not configured, then N1  value for PDSCH mapping type B follows from the second column of table 5.3.1; otherwise, the N1 value for PDSCH mapping type B follows from the first column of table 5.3-1.
If Alt.1 is meant, the system can’t take the latency reduction benefits by front-loaded DMRS only configuration if for any reason, either type A PDSCH or type B is configured with additional DMRS. So our preference is Alt.2. That means, when the network change the PDSCH mapping type dynamically, the processing time for corresponding PDSCH is changed. This will give the network more flexibility to balance the different QoS requirements. 
Proposal 2: For a given PDSCH mapping type configuration, if the higher layer parameter dmrs-AdditionalPosition is configured with a value greater than 0, or if the high layer parameter is not configured, then N1  value follows from the second column of table 5.3.1; otherwise, the N1 value follows from the first column of table 5.3-1.
[bookmark: _Ref513207485]Processing time for back-to-back scheduling
RAN1 has made some agreements to define UE behaviors for out-of-HARQ order scheduling scenarios. In addition, for some back-to-back scheduling scenarios with different DMRS configurations, there is UE processing resource conflict even if the scheduling is in order. For example, for PDSCH mapping type A, 4 additional DMRS are configured. For PDSCH mapping type B, no additional DMRS is configured. The network schedules a 7-OS length type B PDSCH (denoted as D2) following a 14-OS length type A PDSCH (denoted as D1). As shown in following figure, there would be processing conflict at UE side because the end of the processing for D1 is later than the beginning of processing for D2. 

[image: ]
Figure 1. UE processing timeline for two continuous PDSCHs with different additional DMRS configurations
The above issue can appear in the following scenarios:
· For unicast PDSCH, PDSCH mapping type A and PDSCH mapping type B have different DMRS configurations in RRC or according to different scheduling DCI formats;
· The DMRS configuration of unicast PDSCH is different from the DMRS configuration of  broadcast PDSCH, e.g. SI-RNTI, RA-RNTI, P-RNTI or TC-RNTI PDSCH.
There can be two alternatives to solve this problem:
Alt. 1: The feedback time is scheduled so that UE can buffer the current PDSCH to be handled after the processing for previous PDSCH finished. For this case, additional processing time relaxation is needed.
Alt. 2: Allow UE to drop one of PDSCH. We can assume the latest scheduling has higher priority. Then in this case, allow UE not to transmit ACK for D1.
If the later PDSCH has the higher latency requirement, then Alt. 2 is necessary. Otherwise, Alt.1 is preferred. We provide some detailed analysis on each alternative.
On Alt. 1
The following explains the procedure in case of Alt. 1. 
At the BS side: the network should know whether the current scheduling will be beyond UE processing capability. A simple calculation at the network can help the network make the decision as shown below. For PDSCH i, the network will schedule the actual feedback time for PDSCH i later than T1(i).
 (
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Figure 2.An example to calculate the earliest feedback time.
At UE side, when the UE receives a grant for a PDSCH, it will determine whether to drop the previous PDSCH. For example, the UE will determine whether the latest beginning time to process current PDSCH is later then the end of processing of previous PDSCH. We further illustrate an example for this below.
With the following assumptions,
· For PDSCH D1
· The last OFDM symbol for DMRS of D1 is symbol Xrs
· The last OFDM symbol for PDSCH of D1 is symbol Xdata
· The first OFDM symbol for PUCCH/PUSCH carrying ACK/NACK for D1 is symbol Xack 
· The processing time for D1 is N1x symbols
· The SCS for D1 is Sx kHz
· And similarly for PDSCH D2, 
· The last OFDM symbol for DMRS of D2 is symbol Yrs
· The last OFDM symbol for PDSCH of D2 is symbol Ydata
· The first OFDM symbol for PUCCH/PUSCH carrying ACK/NACK for D2 is symbol Yack
· The processing time for D2 is N1y symbols
· The SCS for D2 is Sy kHz
such kind of determination procedure can be given: if the latest time to start to process D2 is earlier than the end of process for D1, then the UE interrupt the process of D1; further considering UE will need to begin the demodulation right after the end the reception of DMRS, we can simplify the condition for avoiding the interruption as following: 
(Yack -TA- ( Ydata - Yrs + N1y))/ Sy > ( Xdata + N1x) )/ Sx
That means, UE expects the delay between adjacent HARQ-ACKs, if sent at the earliest possible instances (i.e. Xack = Xdata + N1x in the example), to be larger than (N1+g) OFDM symbols, where N1 is the processing time of later PDSCH, g is the number of symbols between the end DMRS symbol and data symbol of later PDSCH (i.e. Ydata - Yrs in the example).
The following figure explains the consequences in case of satisfying and not satisfying the above conditions. If a UE is scheduled as CASE 1, then gNB cannot expect a valid ACK/NACK for D1. If a UE is scheduled as CASE 2, then gNB can expect an ACK/NACK for D1 even if the feedback of D2 is earlier than feedback of D1.

Figure 3. Conditions for UE reception drop
On Alt. 2
In addition according to the above, we can also see that the earliest feedback time may be impacted by all the previous PDSCHs rather than the previous one PDSCHs. For example as shown below, processing time for D2 is relaxed because the DMRS patterns of D1 and D2 are different. However, the DMRS patterns of D2 and D3 are the same. So the processing time for D3 is not relaxed. That makes the earliest feedback time for D3 is even earlier than the feedback time for D2.
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Figure 4. Feedback time linkage issue
To make the standard simple, we can assume the network can make the good scheduling decision. If the current PDSCH is low latency service, the network may take the risk that previous PDSCH(s) may be dropped by UE. If the current PDSCH is not low latency service, the network should guarantee there is enough processing time at gNB. Otherwise, UE may not feedback ACK for the previous PDSCH.
Proposal 3: For any two HARQ process IDs A and B for a given cell, if scheduled unicast PDSCH transmission for A comes before the scheduled unicast PDSCH transmission for B, then the UE may not be expected to be triggered to send the HARQ-ACK for A if the earliest feedback time for PDSCH B and the earliest feedback time for PDSCH A is shorter than (N1+g) OFDM symbols, where N1 is the processing time of PDSCH B, g is the number of symbols between the last DMRS symbol and the last data symbol of PDSCH B.
For the case that both type A PDSCH and type B PDSCH are configured with additional DMRS, we think there is no processing resource conflict if we assume the UE processing time for demodulation and decoding are scaled with the PDSCH time duration. 
The following figure (a) shows the UE processing timeline for the worst case, which occurs when the network scheduling UE feedback ACK/NACK at the exactly earliest time based on UE capability. For most of scheduling scenarios, gNB may not scheduling UE feedback at the earliest time as shown in figure (b).

[image: ]
(a) Worst case
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(b) Normal case
Figure 5. UE processing timeline for two continuous PDSCHs both with additional DMRS
Scheduling consideration for SI PDSCH
The working assumptions in RAN1 #92bis meeting means UE will can simultaneously receive the SI-RNTI PDSCH≤ 2916 and C-RNTI PDSCH in FDM for FR1. However, the DMRS types for SI-RNTI PDSCH and C-RNTI PDSCH are scheduled separately. If the network configure the unicast PDSCH with mapping type A and without additional DMRS, and configure the SI-RNTI PDSCH mapping type B with additional DMRS, as shown in the following figure, a UE may need additional resource for such processing for the same reason as we have explained in section 2.3. 
 [image: ]
Figure 6. Processing timeline for at UE side
The payload size of SI PDSCH can be small, therefore we can assume that UE can handle the decoding of it later. However, the resource size carrying the SI PDSCH transmission can be large for robustness, such that the demodulation time for SI PDSCH cannot be ignorable. The total number of REs for  SI PDSCH is shown below:

Where=2 is the modulation order for SI PDSCH.  is the number of rank for SI PDSCH.  is the number of TB size for SI PDSCH. The maximum number of  is 2976.  is the coding rate for SI PDSCH. Assume =1/3. Then . If SI PDSCH is 7 OFDM symbols, then considering the overhead, the SI PDSCH occupies about total 62 PRB in frequency domain. For even lower coding rate such as =0.2, 7-OS duration, the SI PDSCH is about total 100 PRB in frequency domain. That will block the processing for the following PDSCH. 
To reduce the scheduling complexity, if UE is required to receive SI PDSCH and unicast PDSCH simultaneously, the number of PRBs of SI PDSCH is no greater than 1/3 of the channel bandwidth.
[bookmark: _GoBack]Proposal 4: When UE is required to receive both C-RNTI PDSCH and SI-RNTI PDSCH which are overlapped with at least one symbol, the number of PRBs for SI-RNTI PDSCH is no greater than 1/3 of the channel bandwidth.
Processing time for PDCCH overbooking
PDCCH processing time takes a large part of total UE processing time. The agreed values for UE HARQ processing time were made based on LTE PDCCH design. In LTE, the position of PDCCH candidates can be gotten using a simple formula. In NR, with some design such as PDCCH overbooking, UE needs to make several rounds of search to find the position of PDCCH candidates. This time is numerology independent. If PDCCH overbooking is used, additional  HARQ processing time is needed, where d is FFS depending on the finial PDCCH design. 
Proposal 5: If PDCCH overbooking is used, additional  PUSCH and PDSCH HARQ processing time is needed, where  for SCS 15kHz,  for SCS 30 kHz,  for SCS 60kHz and for SCS 120kHz.
Processing time for UCI multiplexing
There were some discussion on the processing time for UCI multiplexing and the following agreements were made during RAN1 #91.
Agreements:
In the case of multiplexing HARQ-ACK with uplink data on PUSCH
· N1’ the number of OFDM symbols required for UE processing from the end of PDSCH to the earliest possible start of the corresponding ACK/NACK transmission on PUSCH from UE perspective
· N1’ ≥ N1 + d where N1 is based on the UE capability for ACK-only
· N2’ the number of OFDM symbols required for UE processing from the end of PDCCH containing the UL grant reception to the earliest possible start of the corresponding the same PUSCH transmission from UE perspective
· N2’ ≥ N2 + d where N2 is based on the UE capability for sending data-only on PUSCH
· d = [1] symbols
· UE is not expected transmit the HARQ-ACK multiplexed with uplink data if the network set the values of K1 and/or K2 without leaving sufficient time for UE processing
· FFS: how to much time is needed to multiplex CSI reports, depending on outcome from MIMO session.
Our understanding on agreement is that the network should set the values of K1 and/or K2 with greater than max(N1’, N2’). However, in current specification, the values of K1 only considers N1’ and the values of K2 only considers N2’.
Proposal 6:  In the case of multiplexing HARQ-ACK with uplink data on PUSCH, the network should set the values of K1 and/or K2 greater than max(N1’, N2’).
In addition, since there are some initial results for CSI processing time, it is time to define the processing time for CSI multiplexing on PUSCH. Follow the same rational we consider when we define the processing time for multiplexing HARQ-ACK  with uplink data on PUSCH, we make the following proposal for multiplexing CSI with uplink data on PUSCH.
Proposal 7:  In the case of multiplexing CSI with uplink data on PUSCH
· Z’ is the number of OFDM symbols required for UE processing from the end of PDCCH containing the DCI triggering a CSI report on PUSCH to the earliest possible start of the corresponding CSI transmission on PUSCH from UE perspective
· Z’ ≥ Z + d where Z is based on UE CSI computation time
· N2’ is the number of OFDM symbols required for UE processing from the end of PDCCH containing the UL grant to the earliest possible start of the corresponding PUSCH from UE perspective
· N2’ ≥ N2 + d where N2 is based on the UE capability for sending data-only on PUSCH
· d = [1] symbols
· The network shall set the values of K1 and/or K2 greater than max(Z’, N2’)
HARQ processing time for capability #2
For the following conditions, the UE vendors have provided values for aggressive UE capability as shown in following table. 
· Single numerology for PDCCH, PDSCH, and PUSCH and no UCI multiplexing
· Case 1-1: PDCCH monitoring on up to three OFDM symbols at the beginning of a slot
· PDSCH allocation with at least 7 symbols is supported
· One unicast PDSCH received and/or one unicast PUSCH transmitted within the same slot
· Single CC
· For C-RNTI only
Table 2. UE Processing Times for Capability #2
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	[2.5-4]
	[2.5-6]

	Frequency-first RE-mapping
	N21
	Symbols
	[2.5-6]
	[2.5-6]


1If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2 in table.
For N1, we think more aggressive values can be provided if for example, reducing the size of active BWP. The following table gives our values and conditions for the more aggressive N1. 
Table 3. UE Processing Times N1
	
	15 kHz SCS
	30 kHz SCS
	60 kHz SCS

	No further relaxation conditions
	3
	5
	9

	Half of the maximum channel bandwidth
	-
	4
	7


In addition, if PDSCH begins prior to the end of corresponding DCI, additional d symbols relaxation is needed, where d is the number of symbols between the beginning of PDSCH and the end of the corresponding DCI. d is no less than zero. 
For N2, the processing time includes following parts:
· Processing time for PDCCH and DCI
· Processing time for UL parameters calculation
· Prepare the MAC data and transmit to L1
· L1 coding, modulation and so on
We found the first two parts take most of processing time. However, the first two parts cannot be reduced by reducing the date rate. So reducing the size of BWP or TB cannot reduce the processing time significantly. The following table gives our values for N2.
Table 4. UE Processing Times N2
	
	15 kHz SCS
	30 kHz SCS
	60 kHz SCS

	N2
	3
	6
	12



Having said the above, to reduce half of the size of BWP to achieve such processing time seems not practically useful in the real network. In our view it is not necessary to provide additional conditions for more aggressive values.
Proposal 8: If the PDSCH begins prior to the end of corresponding DCI, additional d symbols relaxation is needed for aggressive capability #2, where d is the number of symbols between the beginning of PDSCH and the end of the corresponding DCI.
Proposal 9: For FR1, when no additional PDSCH DM-RS is configured, adopt the following values for the processing time capability #2 of PDSCH mapping type A and type B with no less than 7 symbols length duration:
· 15 kHz SCS, N1= 3 symbols
· 30 kHz SCS, N1= 5 symbols
· 60 kHz SCS, N1= 9 symbols
Proposal 10: For FR1, frequency-first RE-mapping, adopt the following values for the processing time capability #2 of PUSCH mapping type A and type B with no less than 7 symbols length duration:
· 15 kHz SCS, N2 = 3 symbols
· 30 kHz SCS, N2 = 6 symbols
· 60 kHz SCS, N2 = 12 symbols
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we show our views on remaining scheduling/HARQ issues. The following proposals are made:
Proposal 1: If SI-RNTI PDSCH, P-RNTI, and RA-RNTI/TC-RNTI PDSCH for a given UE from the primary cell are overlapped with at least one symbol, 
· if the UE decodes the systemInfoModification from P-RNTI PDCCH, the UE is not required to decode P-RNTI PDSCH, and 
· may skip receiving RA-RNTI (or TC-RNTI) PDSCH if UE acquires SI upon being triggered by Paging DCI. 
· may skip receiving SI-RNTI PDSCH in case UE autonomously monitors SI-RNTI PDCCH.
· Otherwise, the UE decodes P-RNTI PDSCH and may skip receiving other PDSCHs
Proposal 2: For a given PDSCH mapping type configuration, if the higher layer parameter dmrs-AdditionalPosition is configured with a value greater than 0, or if the high layer parameter is not configured, then N1  value follows from the second column of table 5.3.1; otherwise, the N1 value follows from the first column of table 5.3-1.
Proposal 3: For any two HARQ process IDs A and B for a given cell, if scheduled unicast PDSCH transmission for A comes before the scheduled unicast PDSCH transmission for B, then the UE may not be expected to be triggered to send the HARQ-ACK for A if the earliest feedback time for PDSCH B and the earliest feedback time for PDSCH A is shorter than (N1+g) OFDM symbols, where N1 is the processing time of PDSCH B, g is the number of symbols between the last DMRS symbol and the last data symbol of PDSCH B.
Proposal 4: When UE is required to receive both C-RNTI PDSCH and SI-RNTI PDSCH which are overlapped with at least one symbol, the number of PRBs for SI-RNTI PDSCH is no greater than 1/3 of the channel bandwidth.
Proposal 5: If PDCCH overbooking is used, additional  PUSCH and PDSCH HARQ processing time is needed, where  for SCS 15kHz,  for SCS 30 kHz,  for SCS 60kHz and for SCS 120kHz.
Proposal 6:  In the case of multiplexing HARQ-ACK with uplink data on PUSCH, the network should set the values of K1 and/or K2 greater than max(N1’, N2’).
Proposal 7:  In the case of multiplexing CSI with uplink data on PUSCH
· Z’ is the number of OFDM symbols required for UE processing from the end of PDCCH containing the DCI triggering a CSI report on PUSCH to the earliest possible start of the corresponding CSI transmission on PUSCH from UE perspective
· Z’ ≥ Z + d where Z is based on UE CSI computation time
· N2’ is the number of OFDM symbols required for UE processing from the end of PDCCH containing the UL grant to the earliest possible start of the corresponding PUSCH from UE perspective
· N2’ ≥ N2 + d where N2 is based on the UE capability for sending data-only on PUSCH
· d = [1] symbols
· The network shall set the values of K1 and/or K2 greater than max(Z’, N2’)
Proposal 8: If the PDSCH begins prior to the end of corresponding DCI, additional d symbols relaxation is needed for aggressive capability #2, where d is the number of symbols between the beginning of PDSCH and the end of the corresponding DCI.
Proposal 9: For FR1, when no additional PDSCH DM-RS is configured, adopt the following values for the processing time capability #2 of PDSCH mapping type A and type B with no less than 7 symbols length duration:
· 15 kHz SCS, N1= 3 symbols
· 30 kHz SCS, N1= 5 symbols
· 60 kHz SCS, N1= 9 symbols
Proposal 10: For FR1, frequency-first RE-mapping, adopt the following values for the processing time capability #2 of PUSCH mapping type A and type B with no less than 7 symbols length duration:
· 15 kHz SCS, N2 = 3 symbols
· 30 kHz SCS, N2 = 6 symbols
· 60 kHz SCS, N2 = 12 symbols
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