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Introduction
In this contribution, we address remaining issues regarding
· UE processing time and MAC CE latency
· Maximum number of scheduling DCI
· HARQ process management
· Other related specification correctionsand clarifications

Some of the content in this contribution previously appeared R1-1802842 [1].
UE Processing Time
Capability #1 and Short PDSCH
In TS 38.214 based on [2], the following table is provided.
Semi-static configuration Table 5.3-1: PDSCH processing time for PDSCH processing capability 1
	

	PDSCH decoding time N1 [symbols]

	
	No additional PDSCH DM-RS configured
	Additional PDSCH DM-RS configured

	0
	8
	13

	1
	10
	13

	2
	17
	20

	3
	20
	24



In light of the agreements in the previous meeting from RAN1 #92 [3], it was decided that very short PDSCH allocations for Type A may arise. 
Agreements:
· Regarding “Length of the PDSCH is at least X symbols” (PDSCH mapping type A), X=3
· Regarding “Length of the PUSCH is at least Y symbols” (PUSCH mapping type A), Y=4

It is important to note that in some cases, even though the higher layer configuration may be set to include additional PDSCH DMRS, the actual allocation may not actually contain additional DMRS according to TS 38.211, Table 7.4.1.1.2-3. However, from the UE standpoint it can be infeasible to dynamically handle processing time requirements for distributed DMRS on one slot and then immediately have processing time requirements for front-loaded DMRS on slot(s) immediately following. Therefore, we have the following proposal.
Proposal 1: The following text is proposed 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. The N1 value from table 5.3-1 follows the higher layer configuration for additional DMRS even if the PDSCH allocation according to [TS 38.211] does not include additional DMRS.
Additionally, short PDSCH Type A can pose some implementation complications when back-to-back allocations have very different allocation lengths. For example, according to the current specification, the following timeline is expected of the UE in Figure 2.1-1. 


Figure 2.1-1. Current processing time specification

In this case, since demodulation may not nominally begin until the last DMRS is received, the decoding for the first slot may not actually finish before the end of the PDSCH transmission on the second slot. In order to maintain the timeline in the above figure, additional hardware might need to be provisioned to address this case. However, for a baseline capability in NR, this would be wasteful particularly when applied for PDSCH allocations which would not be typical. 
Therefore, we propose a simple adjustment to the baseline capability to properly allow for an efficient pipelined decoding implementation so that all UEs may allowed to be power efficient. That is, if the UE has received two adjacent scheduling DCIs separated by some delay, the UE should not expect for the corresponding HARQ-ACKs to be separated by a smaller delay. This is illustrated in Figure 2.1-2. Note that this general principle can apply to different PDCCH monitoring periodicities.


Figure 2.1-2. Proposed processing time adjustment including short PDSCH

Proposal 2: The UE does not expect the delay between adjacent HARQ-ACKs, if sent at the earliest possible instances, to be shorter than the minimum delay between two scheduling DCIs supportable by the UE. 
Text proposal for 38.214
[bookmark: _Toc501048203]5.3	UE PDSCH processing procedure time

[bookmark: _Hlk500865557][bookmark: _Hlk508187268]If the first uplink symbol to carry the HARQ-ACK information, as defined by the assigned HARQ-ACK timing K1 and the PUCCH resource to be used and including the effect of the timing advance, starts no earlier than at symbol L1 then the UE shall provide a valid HARQ-ACK message, where L1 is defined as the next uplink symbol with its CP starting after  after the end of the last symbol of the PDSCH carrying the TB being acknowledged.  
-	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
….
-	the delay between the symbol  and symbol  from a previously scheduled PDSCH, as defined above, is not shorter than the delay between PDCCH monitoring occasions as configured by higher layers [TS 38.213, Subclause 10], and is not shorter than the minimum delay the UE can support between two scheduling DCIs for PDSCH.

Otherwise the UE may not provide a valid HARQ-ACK corresponding to the scheduled PDSCH. The value of  is used both in the case of normal and extended cyclic prefix.
Capability #2
We survey the aggressive (Capability #2) processing times submitted among contributions below from RAN1 #92. Although the range of values may seem to be small, when one considers the relative overhead of these processing times with self-contained operation (e.g., K0/K1/K2=0 slot timing indications), the impact from the range of values can be quite large. For example, for 2.5 symbols, that represents 18% overhead of the slot, whereas 6 symbols represents 43% overhead.
Table 2.2-1 Survey of UE Processing Times (Capability #2) Submitted to RAN1 #92
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	2.5-4, [RAN1 #90b]
2.5, [1,4]
3, [7,8]
4, [6,5]
	2.5-6, [RAN1 #90b]
2.5, [1,4]
4, [5]
5, [6,7,8]

	Front-loaded + additional DMRS
	N1
	Symbols
	[12], RAN1 #90b
12, [1,4,5,7]
13, [8]
Remove [6]
	[12], RAN1 #90b
12, [1,4,5,7]
13, [8]
Remove [6]

	Frequency-first RE-mapping
	N21
	Symbols
	[2.5-6], RAN1 #90b 
2.5, [1,4]
5, [5,6,8]
5.5, [7]
	[2.5-6], RAN1 #90b
2.5, [1,4]
5, [5]
5.5, [7]
6, [6,8]


1If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2 in table.
Furthermore, if we consider the support of HARQ for URLLC, then the larger processing times leave less margin to the network scheduling in order to accommodate re-transmissions within the 1ms delay bound [Table I, 10], and leads to lower system capacity for URLLC services. This is illustrated in the figures below as taken from [10].
[image: ]
Figure 2.2-1. Illustration of RTT from [10]

[image: ]
Figure 2.2-2. URLLC capacity as function of UE processing time from [10]

Therefore, we have the following proposal on this capability. To compromise with other companies regarding the feasibility of this processing time, we introduce a further restriction on the throughput which may be signalled with the capability.
Proposal 3: The UE Processing times for Capability #2 follow from Table 2.2-2 under the following conditions below. The UE can indicate support for this processing time along with a separate restriction related to throughput (FFS: capability definition with restriction,. e.g., number of scheduled RBs is less than fraction X of the active BWP, or rank restriction, etc.)
· Single numerology for PDCCH, PDSCH, and PUSCH and no UCI multiplexing, and Non-CA case
· FFS: CA case
· Support for mixed numerology and UCI multiplexing follow adjustments as those made for Capability #1.
· Case 1-1: PDCCH monitoring periodicity of 14 or more symbols 
· PDCCH monitoring on up to three OFDM symbols at the beginning of a slot
· Case 2: PDCCH monitoring periodicity of less than 14 symbols
· First symbol of PDSCH assumed to be no earlier than the first symbol of PDCCH scheduling this PDSCH
· PDSCH Type A or B, and PUSCH Type A or B
· For C-RNTI only
· FFS also applicable to the cases when C-RNTI and with other broadcast RNTIs are processed simultaneously by the UE
· FFS for N1 and PDSCH allocations less than 7 symbols

Table 2.2-2 Proposal for UE Processing Times (Capability #2)
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

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

	[2.5-5]


	Front-loaded + additional DMRS
	N1
	Symbols
	12
	12

	Frequency-first RE-mapping
	N21
	Symbols
	[2.5-5]

	[2.5-5]



1If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2 in table.

MAC CE Latency
In the endorsed LS R1-1801272 [9] regarding MAC CE Latency for beam management, a set of candidate values for the MAC CE latency was provided. The MAC CE latency was defined as the time between the ACK transmission for the PDSCH carrying the MAC-CE message and the time that the UE applies the MAC-CE message.
It is important to note that the LS provides a set of candidate values in units of slots, but suggests that a different value may be selected per SCS (presumable for FR2 since this is with respect to beam management). See an excerpt from [9]:
· Downlink-related:
· Time between the ACK transmission for the PDSCH carrying the MAC-CE message and the time that the UE applies the MAC-CE message. Note some of the MAC CE messages may carry QCL information. Following is based on assumption of 120 kHz SCS for slot duration. RAN1 will down select a single value per SCS among the following candidate values, which may be based on UE capability.
· For PDSCH
· Candidate values (slots): 8, 10, 20, 40, 80 (considering the minimum 10 ms periodicity for TRS in case of 80 slots) 
· For PDCCH:
· Candidate values (slots): 8, 10, 20, 40, 80 
· …

The importance of this consideration is that the latency at the MAC CE may not be driven by the lower layer, and thus may not necessarily scale with the sub-carrier spacing. On the other hand, it is beneficial for MAC implementations to have a uniform latency assumption which can be applicable across multiple numerologies. Therefore, we provide a complementary proposal to our proposal in [7] regarding MAC latencies for beam management.
Proposal 4: The MAC CE latency, defined as the time between the ACK transmission for the PDSCH carrying the MAC-CE message and the time that the UE applies the MAC-CE message, should be uniformly [2 or 2.5] ms across all cases.
Maximum Number of Scheduling DCI
Since the scheduling operation for allocation timing and HARQ timing is dynamically signalled in NR, there can be a lot of flexibility in where scheduling DCI can occur. From the UE perspective, this can lead to very large envelope of requirements on how many grants need to be processed in a given control region. 
For the baseline UE capability, we propose the following limit on scheduling DCI. This is illustrated in Figure 4.1-1.
Proposal 5: For the baseline UE capability, the UE is not expected to handle more than [1 or 2] uplink unicast data grant and 1 downlink unicast data grant within a slot per cell.
· FFS how the capability scales for CA with cross-carrier scheduling, including mixed numerology CA


Figure 3-1. Illustration of support for 2 scheduling DCI (1 DL + 1 UL) per cell
HARQ Management for PUSCH
In the RAN1 AH 1801, the following agreement was made regarding HARQ ordering.
Agreements:
For each HARQ process ID, the UE is not expected to receive a scheduled unicast PDSCH transmission with the same HARQ process ID until
· The time after the end of the expected transmission of the HARQ-ACK for an earlier transmission on the same HARQ process ID
· FFS the time condition under which soft combining for the same HARQ process ID can be assumed

Additionally, another follow up agreement was captured in RAN1 #92.
Agreements:
· 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 (baseline capability) UE is not expected to be triggered to send the HARQ-ACK for A after the HARQ-ACK for B
· Note: this does not preclude a future capability for UEs to support out-of-order HARQ-ACK.
· Send LS to RAN2 to address this capability (R1-1803509, which is approved by removing the 2nd subbullet, final LS is R1-1803538)
.
Note that these issues are not unique to HARQ-ACK timing, but also can occur with respect to the scheduling of PUSCH. Therefore, the following proposals are provided below to mirror the above proposals and agreements for HARQ-ACK timing.


Figure 5.2-1. PUSCH Out-of-Order HARQ for the same HARQ ID
Proposal 6: For each HARQ process ID, the UE is not expected to receive a scheduling DCI (grant) for a unicast PUSCH transmission with the same HARQ process ID until
· The time after the end of the expected transmission of the PUSCH for an earlier transmission on the same HARQ process ID

Proposal 7: For any two HARQ process IDs A and B for a given cell, if the scheduling DCI for unicast PUSCH transmission A comes before the scheduling DCI for unicast PUSCH transmission B, then the (baseline capability) UE is not expected to send the PUSCH for A after the PUSCH for B.

Specification corrections and clarifications
HARQ Management for CA
From RAN1 NR AdHoc#2 in 2017, the following agreement was made but has not yet been captured in specification.
Agreement:
· One TB is mapped to one DL/UL carrier.
· [bookmark: _Hlk510761389]Re-transmission of a TB cannot take place on different carrier than the initial transmission.

The following text proposal is provided to capture this in specification based on [2].
Proposal 8: The following text should be captured to reflect that on TB is mapped to one DL/UL carrier, and re-transmission of a TB cannot take place on different carrier than the initial transmission.
Text proposals for 38.214
[bookmark: _Toc501048156]5.1	UE procedure for receiving the physical downlink shared channel
[bookmark: _Hlk498410788]…
A UE shall upon detection of a PDCCH with a configured DCI format 1_0 or 1_1 decode the corresponding PDSCHs as indicated by that DCI. The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Subclause 9.2.3 of [6]. The UE is not expected to receive a PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and another PDSCH in slot after slot i with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j.
In the case where the UE supports PDSCH on multiple carriers, the re-transmission of a TB cannot take place on different carrier than the initial transmission.
[bookmark: _Toc501048205]6.1	UE procedure for transmitting the physical uplink shared channel
…
For uplink, a maximum of 16 HARQ processes per cell is supported by the UE. The number of processes the UE may assume will at most be used for the uplink is configured to the UE for each cell separately by higher layer parameter [nrofHARQ-processesForPUSCH].
In the case where the UE supports PUSCH on multiple carriers, the re-transmission of a TB cannot take place on different carrier than the initial transmission.
Broadcast PDSCH
The following text proposal is meant to capture the working assumption made at RAN1 #92 [3].
Working assumption:
· For broadcast PDSCH, MCS is limited to QPSK, rank is limited to 1.
· 
Proposal 9: The following text should be captured in specification regarding broadcast PDSCH.
Text proposals for 38.214
[bookmark: _Toc501048158]5.1.1.1	Transmission scheme 1
For transmission scheme 1 of the PDSCH, the UE may assume that a gNB transmission on the PDSCH would be performed with up to 8 transmission layers on antenna ports 1000-1011 as defined in Subclause 7.3.1.4 of [4, TS 38.211], except in the case where the DCI CRC is scrambled by P-RNTI, RA-RNTI, SI-RNTI, or TC-RNTI in which case the UE may assume 1 transmission layer.
[bookmark: _Toc501048166]5.1.3.1	Modulation order and target code rate determination
[bookmark: _Hlk497815485]For the PDSCH assigned by a PDCCH with DCI format 1_0 or format 1_1 with CRC scrambled by C-RNTI, TC-RNTI, CS-RNTI, SI-RNTI, RA-RNTI, or P-RNTI, 
if the higher layer parameter MCS-Table-PDSCH is not set to '256QAM', and the PDSCH is scheduled with C-RNTI
-	the UE shall use IMCS and Table 5.1.3.1-1 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel.
else
-	the UE shall use IMCS and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel scheduled with C-RNTI and table 5.1.3.1-1 with other RNTI.
End
The UE shall use IMCS and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel scheduled with other RNTIs than C-RNTI. The UE is not expected to decode a PDSCH scheduled with P-RNTI, RA-RNTI, SI-RNTI or TC-RNTI and (Qm) > 2.
Rx-to-Tx Switching
A proposal was made in the offline summary of [12] regarding the guard interval between the Rx to Tx switching from the UE perspective but did not get agreement. The following proposal is a modification on this.
Proposal 10: UE is not expected to receive on a downlink symbol and then transmit on a uplink symbol if those two symbols are not separated by at least T us on unpaired spectrum for a given serving cell.
· Note that the exact value of T may not be in RAN1 specification.
Conclusions
Proposal 1: The following text is proposed 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. The N1 value from table 5.3-1 follows the higher layer configuration for additional DMRS even if the PDSCH allocation according to [TS 38.211] does not include additional DMRS.

Proposal 2: The UE does not expect the delay between adjacent HARQ-ACKs, if sent at the earliest possible instances, to be shorter than the minimum delay between two scheduling DCIs supportable by the UE. 
Text proposal for 38.214
5.3	UE PDSCH processing procedure time

If the first uplink symbol to carry the HARQ-ACK information, as defined by the assigned HARQ-ACK timing K1 and the PUCCH resource to be used and including the effect of the timing advance, starts no earlier than at symbol L1 then the UE shall provide a valid HARQ-ACK message, where L1 is defined as the next uplink symbol with its CP starting after  after the end of the last symbol of the PDSCH carrying the TB being acknowledged.  
-	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
….
-	the delay between the symbol  and symbol  from a previously scheduled PDSCH, as defined above, is not shorter than the delay between PDCCH monitoring occasions as configured by higher layers [TS 38.213, Subclause 10], and is not shorter than the minimum delay the UE can support between two scheduling DCIs for PDSCH.

Otherwise the UE may not provide a valid HARQ-ACK corresponding to the scheduled PDSCH. The value of  is used both in the case of normal and extended cyclic prefix.
Proposal 3: The UE Processing times for Capability #2 follow from Table 2.2-2 under the following conditions below. The UE can indicate support for this processing time along with a separate restriction related to throughput (FFS: capability definition with restriction,. e.g., number of scheduled RBs is less than fraction X of the active BWP, or rank restriction, etc.)
· Single numerology for PDCCH, PDSCH, and PUSCH and no UCI multiplexing, and Non-CA case
· FFS: CA case
· Support for mixed numerology and UCI multiplexing follow adjustments as those made for Capability #1.
· Case 1-1: PDCCH monitoring periodicity of 14 or more symbols 
· PDCCH monitoring on up to three OFDM symbols at the beginning of a slot
· Case 2: PDCCH monitoring periodicity of less than 14 symbols
· First symbol of PDSCH assumed to be no earlier than the first symbol of PDCCH scheduling this PDSCH
· PDSCH Type A or B, and PUSCH Type A or B
· For C-RNTI only
· FFS also applicable to the cases when C-RNTI and with other broadcast RNTIs are processed simultaneously by the UE
· FFS for N1 and PDSCH allocations less than 7 symbols

Table 2.2-2 Proposal for UE Processing Times (Capability #2)
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

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

	[2.5-5]


	Front-loaded + additional DMRS
	N1
	Symbols
	12
	12

	Frequency-first RE-mapping
	N21
	Symbols
	[2.5-5]

	[2.5-5]



1If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2 in table.

Proposal 4: The MAC CE latency, defined as the time between the ACK transmission for the PDSCH carrying the MAC-CE message and the time that the UE applies the MAC-CE message, should be uniformly [2 or 2.5] ms across all cases.
Proposal 5: For the baseline UE capability, the UE is not expected to handle more than [1 or 2] uplink unicast data grant and 1 downlink unicast data grant within a slot per cell.
· FFS how the capability scales for CA with cross-carrier scheduling, including mixed numerology CA

Proposal 6: For each HARQ process ID, the UE is not expected to receive a scheduling DCI (grant) for a unicast PUSCH transmission with the same HARQ process ID until
· The time after the end of the expected transmission of the PUSCH for an earlier transmission on the same HARQ process ID

Proposal 7: For any two HARQ process IDs A and B for a given cell, if the scheduling DCI for unicast PUSCH transmission A comes before the scheduling DCI for unicast PUSCH transmission B, then the (baseline capability) UE is not expected to send the PUSCH for A after the PUSCH for B.

Proposal 8: The following text should be captured to reflect that on TB is mapped to one DL/UL carrier, and re-transmission of a TB cannot take place on different carrier than the initial transmission.
Text proposals for 38.214
5.1	UE procedure for receiving the physical downlink shared channel
…
A UE shall upon detection of a PDCCH with a configured DCI format 1_0 or 1_1 decode the corresponding PDSCHs as indicated by that DCI. The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Subclause 9.2.3 of [6]. The UE is not expected to receive a PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and another PDSCH in slot after slot i with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j.
In the case where the UE supports PDSCH on multiple carriers, the re-transmission of a TB cannot take place on different carrier than the initial transmission.
6.1	UE procedure for transmitting the physical uplink shared channel
…
For uplink, a maximum of 16 HARQ processes per cell is supported by the UE. The number of processes the UE may assume will at most be used for the uplink is configured to the UE for each cell separately by higher layer parameter [nrofHARQ-processesForPUSCH].
In the case where the UE supports PUSCH on multiple carriers, the re-transmission of a TB cannot take place on different carrier than the initial transmission.
Proposal 9: The following text should be captured in specification regarding broadcast PDSCH.
Text proposals for 38.214
5.1.1.1	Transmission scheme 1
For transmission scheme 1 of the PDSCH, the UE may assume that a gNB transmission on the PDSCH would be performed with up to 8 transmission layers on antenna ports 1000-1011 as defined in Subclause 7.3.1.4 of [4, TS 38.211], except in the case where the DCI CRC is scrambled by P-RNTI, RA-RNTI, SI-RNTI, or TC-RNTI in which case the UE may assume 1 transmission layer.
5.1.3.1	Modulation order and target code rate determination
For the PDSCH assigned by a PDCCH with DCI format 1_0 or format 1_1 with CRC scrambled by C-RNTI, TC-RNTI, CS-RNTI, SI-RNTI, RA-RNTI, or P-RNTI, 
if the higher layer parameter MCS-Table-PDSCH is not set to '256QAM', and the PDSCH is scheduled with C-RNTI
-	the UE shall use IMCS and Table 5.1.3.1-1 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel.
else
-	the UE shall use IMCS and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel scheduled with C-RNTI and table 5.1.3.1-1 with other RNTI.
End
The UE shall use IMCS and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel scheduled with other RNTIs than C-RNTI. The UE is not expected to decode a PDSCH scheduled with P-RNTI, RA-RNTI, SI-RNTI or TC-RNTI and (Qm) > 2.
Proposal 10: UE is not expected to receive on a downlink symbol and then transmit on a uplink symbol if those two symbols are not separated by at least T us on unpaired spectrum for a given serving cell.
[bookmark: _GoBack]Note that the exact value of T may not be in RAN1 specification.
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