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1 Introduction

In the contribution, we discuss some remaining details on characterization of UE minimum processing time requirements and scheduling and HARQ operation in NR.  
2 UE minimum processing times: Capability 2

The following was concluded during RAN1 #92bis [2]:
	Conclusion:

At least for the following conditions below, the processing times listed in Table 2 have been considered as potential candidates for specification of Capability #2, although there has been no conclusion on the final value.

· 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

· FFS: More than one PDSCH and/or PUSCH case

· Single CC
· FFS: CA case with and without cross-carrier scheduling
· 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: whether Capability #2 relaxation is applied dynamically depending on conditions

· Note: Companies are also encouraged to provide processing times for 60kHz (FR1)

· Note: Companies are also encouraged to provide conditions under which more aggressive processing times (within the range) could be enabled

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.


2.1 On additional conditions to facilitate very aggressive processing times

It has been proposed to consider conditions or restrictions beyond those considered during the evaluation of the UE minimum processing times for Capability 1, so as to discern the possibility of supporting N1 and N2 values that are lower than the upper bounds of the ranges agreed so far for Capability 2. 
In this regard, restrictions on the assumed peak throughput could help towards realizing very short processing times. The resulting throughput is dependent on various component factors, and not all of them have the similar level of impact on UE processing load. Further, it is critical that RAN1 strives to minimize the amount of potential restrictions in order to realize meaningful applicability of this feature itself. 

To see this, we list some such component factors:

· Restriction on max TBS

· Restriction on max TBS directly throttles the peak throughput achievable. Also, for some of the low-latency (e.g., URLLC use cases), the requirement on packet sizes can be quite low. 

· However, unless the BW is severely limited, especially for PDSCH processing, the benefits to UE processing load from restricted TBS is negligible (via reduction in impact to LDPC processing or higher layer processing efforts) in comparison to channel estimation and demodulation efforts.

· Restriction on max allocated BW within a CC
· Restricting the max BW helps in reducing the channel estimation and demodulation efforts.
· However, for many of the low-latency use cases (e.g., URLLC), use of large allocations in frequency domain is a key component, especially for DL. Thus, any significant reduction of max allocated BW in order to support very short processing times could prove counter-productive. 

· Restriction on max rank

· This can again help realize lower processing times to a certain extent, but the impact would be quite limited on its own.

· Restriction on number of CCs

· Restricting to a single-CC case, which is the current condition assumed in RAN1 can effectively help in limiting the max BW the UE has to process, across carriers. 

· In terms of use cases, low latency use cases are seldom combined with extremely high throughput requirements that could require configuration and operation with multiple carriers. 

Further, some of the restrictions may result in dynamic switching between Capability 2 and fallback to Capability 1 in cases the corresponding restriction is not satisfied. This can increase the UE cost and complexity manifold by adversely impacting UE pipelining in Rx or Tx chains. Alternatively, it introduces additional scheduling complexities, further loss in throughput if some UE dropping behavior is defined, and increase testing complexities and efforts. Imposing some of these restrictions, except for number of CCs, at a semi-static/static level would significantly undermine the usefulness of the Capability 2 feature itself. 

In summary, RAN1 should strive to introduce minimal set of additional restrictions and only those that can be justified without severely impacting the usefulness of the feature. 

Considering the above primary factors and the aim of introducing minimal additional restrictions, in our view, the only condition that may need to be considered for defining Capability 2 is limiting the applicability of Capability 2 to a single carrier. 
Proposal 1:
· Applicability of Capability 2 is restricted to a single-carrier in Rel-15. 

· No other scheduling restriction is introduced.
2.2 Capability 2: Proposed N1 and N2 values

Under the assumption of applying Capability 2 to a single-carrier, we provide our views on the feasible values for N1 and N2 in Table 1 below.

Proposal 2:
Table 2.2-1. UE Processing Times (in symbols) for Capability #2

	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	3
	4
	 8

	Frequency-first RE-mapping
	N21
	Symbols
	4
	4
	10


1If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2 in table.
2.3 Capability 2: Special cases

Similar to Capability 1, it is necessary to define additional margins for very short PDSCH durations. In fact, for some cases, it is more critical to provide additional margins to processing times in Table 2.2-1. At the same time, such margins should be judiciously selected so as to not diminish the usefulness of the feature itself.
Considering this, we summarize our views on handling of the various cases with short PDSCH durations for determination of the UE minimum processing times below.
Proposal 3:
· PDSCH mapping type A with last PDSCH symbol ending in symbol ‘i' of a slot, where i < 7 

· Similar to Capability 1, (7-i) symbols are added to the N1 value for Capability 2 for this case

· PDSCH mapping type B with 7 symbols

· Similar to Capability 1, no change to the N1 value, where N1 value is from Table 2.2-1 for the corresponding SCS value and configuration
· PDSCH mapping type B with 4 symbols

· ‘d’ symbols are added to the N1 value, where N1 value is from Table 2.2-1 for the corresponding SCS value and configuration, and ‘d’ is the amount of time-domain overlap in symbols between the scheduling PDCCH and the scheduled PDSCH

· PDSCH mapping type B with 2 symbols

· ‘d’ symbols are added to the N1 value, where N1 value is from Table 2.2-1 for the corresponding SCS value and configuration, and ‘d’ is defined as:

· If the scheduling PDCCH and scheduled PDSCH have same starting symbol

· d = CORESET_duration, where CORESET_duration corresponds to the duration of the CORESET that is used to map the scheduling PDCCH with CORESET_duration = {1, 2, 3}

· If the scheduling PDCCH starts at least one symbol before the scheduled PDSCH

· ‘d’ = {0, 1, 2} is the amount of time-domain overlap in symbols between the scheduling PDCCH and the scheduled PDSCH.

As can be seen from the above, slightly different handling is proposed for PDSCH with mapping type B with 2 or 4 symbols – these PDSCH configurations can be expected as fairly typical for low latency and URLLC use cases. Considering the low latency target use cases and advanced UE processing capability, always incurring a 3-symbol additional processing time penalty (as defined for Capability 1) may significantly undermine the benefit of Capability 2 for short PDSCH durations with mapping type B. 
On the other hand for the case of FDM between the scheduling DCI and the scheduled PDSCH, the UE cannot start processing the PDSCH until decoding the DCI, and considering very short PDSCH durations and equally short processing times, it is necessary to ensure additional margins for the UE to be able to “catch up” the initial delay incurred. 
Another difference compared to the working assumption made on 2-symbol PDSCH for Capability 1 is that for the latter, there was no additional margin provided for cases wherein a 3-symbol PDCCH may schedule a 2-symbol PDSCH with both channels having the same starting symbol. For Capability 1, this additional margin could be absorbed due to the relatively longer N1 values for Capability 1, but with Capability 2, this can be quite challenging. Further, we can expect such scheduling instances to be quite atypical in practice, and hence, may not have a significant impact in overall performance – while with the additional consideration of 1-symbol margin, it provides means for efficient UE implementation that would need to be dimensioned even for this possibly rare scheduling decision.
3 On out-of-order scheduling 
The following was agreed with regard to HARQ-ACK operation:

	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

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)


As a follow-up to the above, reference [6] proposed to define similar rules as baseline UE capability to avoid out-of-order PUSCH scheduling. We share the same view and propose the following.
Proposal 4:
· For a given HARQ process ID, the UE is not expected to receive an UL grant for PUSCH transmission with the same HARQ process ID until

· The time after the end of the expected transmission of the PUSCH scheduled with the same HARQ process ID.

Proposal 5:
· For two UL HARQ processes A and B for a given cell, the scheduled PUSCH transmissions for HARQ process B may not have a starting symbol occurring before the scheduled PUSCH transmission for HARQ process A if the corresponding UL grant for HARQ process A is received before the corresponding UL grant for HARQ process B.
4 Addressing Rx-to-Tx switching time
Recently, RAN1 received an LS from RAN WG4 indicating the following on Rx-to-Tx and Tx-to-Rx switching times [5]:

	1. Background Information

RAN4 believes that an upper bound must be placed on UE Rx/Tx and Tx/Rx transition times. These times impact which slot formats may be supported by a UE, for a given SCS. 

2. Maximum allowed UE Transition Times from Rx to Tx and from Tx to Rx:
Transition/FR

FR1
FR2
TRX2TX
13s
7s
TTX2RX
13s
7s
3. Actions:

To RAN1 group.

ACTION: 
RAN4 kindly asks RAN1 to use the above UE transition times while determining slot format and/or any other dependent system level parameters. 


The Tx-to-Rx switching time is expected to be absorbed within the N_TA_offset term in defining the UL-DL symbol/slot timing in TS 38.211. Thus, only the handling of Rx-to-Tx time is necessary. In this regard, we echo the proposal made during RAN1 #92bis meeting to leave it to network scheduling to ensure sufficient switching times. 

Proposal 6:
· For operation on unpaired spectrum, the UE is not expected to receive in a DL symbol and then transmit in an UL symbol when these symbols are not separated by at least TRX2TX.

· TRX2TX = 13us in FR1 and TRX2TX = 7us in FR2.
5 Conclusions

In this contribution, we discussed some remaining aspects on NR scheduling and HARQ operations. We summarize the discussion via the proposals as follows:
Proposal 1:
· Applicability of Capability 2 is restricted to a single-carrier in Rel-15. 

· No other scheduling restriction is introduced.
Proposal 2:

· Table 2.2-1. UE Processing Times (in symbols) for Capability #2

	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	3
	4
	 8

	Frequency-first RE-mapping
	N21
	Symbols
	4
	4
	10


· 1If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2 in table.
Proposal 3:
· PDSCH mapping type A with last PDSCH symbol ending in symbol ‘i' of a slot, where i < 7 

· Similar to Capability 1, (7-i) symbols are added to the N1 value for Capability 2 for this case

· PDSCH mapping type B with 7 symbols

· Similar to Capability 1, no change to the N1 value, where N1 value is from Table 2.2-1 for the corresponding SCS value and configuration

· PDSCH mapping type B with 4 symbols

· ‘d’ symbols are added to the N1 value, where N1 value is from Table 2.2-1 for the corresponding SCS value and configuration, and ‘d’ is the amount of time-domain overlap in symbols between the scheduling PDCCH and the scheduled PDSCH

· PDSCH mapping type B with 2 symbols

· ‘d’ symbols are added to the N1 value, where N1 value is from Table 2.2-1 for the corresponding SCS value and configuration, and ‘d’ is defined as:

· If the scheduling PDCCH and scheduled PDSCH have same starting symbol

· d = CORESET_duration, where CORESET_duration corresponds to the duration of the CORESET that is used to map the scheduling PDCCH with CORESET_duration = {1, 2, 3}

· If the scheduling PDCCH starts at least one symbol before the scheduled PDSCH

· ‘d’ = {0, 1, 2} is the amount of time-domain overlap in symbols between the scheduling PDCCH and the scheduled PDSCH.

Proposal 4:
· For a given HARQ process ID, the UE is not expected to receive an UL grant for PUSCH transmission with the same HARQ process ID until

· The time after the end of the expected transmission of the PUSCH scheduled with the same HARQ process ID.

Proposal 5:
· For two UL HARQ processes A and B for a given cell, the scheduled PUSCH transmissions for HARQ process B may not have a starting symbol occurring before the scheduled PUSCH transmission for HARQ process A if the corresponding UL grant for HARQ process A is received before the corresponding UL grant for HARQ process B.
Proposal 6:
· For operation on unpaired spectrum, the UE is not expected to receive in a DL symbol and then transmit in an UL symbol when these symbols are not separated by at least TRX2TX.

· TRX2TX = 13us in FR1 and TRX2TX = 7us in FR2.
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