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1 Introduction

In this contribution, some remaining details on minimum UE processing times and HARQ management corresponding DL SPS are discussed.
2 UE minimum processing times
On N1 values for 2-symbol PDSCH with mapping type B
During the RAN1 #92 meeting, the following was agreed [1]: 
Agreements:

· The default set of K1 slot-timing values to use is {1,2,3,4,5,6,7,8}
· For Capability #1 of UE processing time, for PDSCH mapping type B, the following adjustments to N1 are made:
· For 7-symbol duration, no change to N1 
· For 4-symbol duration, increase N1 by 3 symbols 
· FFS: For 2-symbol
As can be seen from above, the characterization of minimum processing time for 2-symbol PDSCH with mapping type B remains an open issue. 

During the last meeting, it was agreed that for PDSCH mapping type B with 4-symbol duration, N1 value for Capability #1 is increased by 3 symbols, irrespective of the relative location of the scheduling PDCCH and the start of the scheduled PDSCH. 
Thus, both Cases A4 and B4 in Fig. 1 would correspond to the same minimum UE processing time given by (N1 + 3) symbols, where N1 is as defined in Table 5.3-1 of TS 38.214 [2]. 
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Fig. 1: Relative locations for 4-symbol PDSCH with mapping type B: Case A4 (left) and Case B4 (right) 

For 2-symbol PDSCH with mapping type B we can also categorize two representative cases: Cases A2 and B2 as shown in Fig. 2.
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Fig. 2: Relative locations for 2-symbol PDSCH with mapping type B: Case A2 (left) and Case B2 (right) 

Note that other forms of Case B2 are also possible, wherein there are additional symbol gaps between the PDCCH-end and the PDSCH-start, but it is sufficient to consider the scenario in Case B2 in the context of UE minimum processing times.

Comparing the scenarios in Figs. 1 and 2, one can see that from the perspective of minimum UE processing time definition for PDSCH processing and HARQ-ACK feedback generation, a UE capable of handling Case A4 with N1 = X symbols processing time should also be able to handle Case B2 as the N1 time duration starts from end of the scheduled PDSCH. Therefore, the same processing time as agreed for 4-symbol PDSCH with mapping type B can apply for this case.
However, Case A2 offers a more challenging scenario, wherein the UE may not know about the PDSCH starting symbol until after decoding the scheduling PDCCH, and thus, may not be able to start channel estimation and demodulation process until this time. On the other hand, the N1 time reference would be at the end of the scheduled PDSCH, thereby, effectively reducing the available processing time effectively by two symbols. Therefore, for Case A2, two additional symbols should be added to the N1 value corresponding to Case B2. 

Accordingly, we generalize Case A2 and propose the following:

Proposal 1:

· For baseline (Capability 1) UE processing times, for PDSCH mapping type B with 2-symbol duration, the minimum UE processing times are defined as the following where N1 is the corresponding value from Table 5.3-1 of TS 38.214: 
· N1 + 3 symbols when there is no time-domain overlap between the scheduling PDCCH and the scheduled PDSCH
· N1 + 3 + d symbols when there is a time-domain overlap of ‘d’ symbols (d = {1, 2}) between the scheduling PDCCH and the scheduled PDSCH 
The above enables a more efficient provisioning of minimum UE processing time values for 2-symbol PDSCH compared to the alternative of always adding a margin of five symbols if the same approach as that for 4-symbol PDSCH is followed, making the use of 2-symbol PDSCH more practical.
On N1 and N2 values for Capability 2

One of the opens concerns the exact values for N1 and N2 for Capability 2 as can be observed from the following table:

UE Processing Time and HARQ Timing (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]

	Front-loaded + additional DMRS
	N1
	Symbols
	[12]
	[12]

	Frequency-first RE-mapping
	N2
	Symbols
	[2.5-6]
	[2.5-6]


In our view, the lower end values for the ranges are “too aggressive” even as optional UE capability considering the necessary processing times for the UE. For the front-loaded DMRS only case for N1, for both SCS values, a minimum of 4 symbols are necessary, and for N2 values, a minimum of 5 symbols would be needed. These processing times are already significantly lower than their counterparts following Capability 1, and within the agreed ranges.

Thus, we propose the following.

Proposal 2:

· Adopt the following values as the UE minimum processing times for Capability 2:
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	4
	4

	Front-loaded + additional DMRS
	N1
	Symbols
	12
	12

	Frequency-first RE-mapping
	N2
	Symbols
	5
	5


3 HARQ-ACK feedback in response to DL SPS

Last meeting the following was agreed [1]:

Agreements:

· For the case of DL SPS PDSCH with dynamic SFI, 
· The UE is not expected to have conflict between the HARQ-ACK feedback on link (DL or UL) direction between that of dynamic SFI and the A/N for SPS PDSCH in Rel-15

A remaining open issue relates to the handling of conflicts with HARQ-ACK feedback in response to DL SPS and link direction implied by semi-static DL-UL configuration. 
Unlike the case of dynamic SFI, it may not be feasible for the gNB scheduler to avoid conflicts between link direction implied by semi-static DL-UL config and HARQ-ACK resources in response to DL SPS – due to the inherent “semi-static” nature of both configurations as well as relatively reduced flexibility in indication of HARQ-ACK resources for feedback in response to DL SPS compared to HARQ-ACK resources for feedback in response to dynamically scheduled PDSCH. Hence, it may not be reasonable to expect that such conflicts can always be avoided by proper gNB scheduling, e.g., if DL SPS is configured with short periodicity while the number of UL symbols as indicated by semi-static DL-UL configuration is not sufficient for corresponding HARQ-ACK feedback.

Thus, for cases when the semi-static UL-DL configuration may have a conflict on any of the symbol(s) carrying HARQ-ACK in slot n+k (when the corresponding SPS PDSCH is received in slot n), the HARQ-ACK transmission should be postponed to the next available slot that has no conflicts with semi-static configuration. The HARQ-ACK is transmitted on the same symbol(s) that were intended to be used in slot n+k.

Proposal 3:

· For HARQ-ACK feedback in response to DL SPS, in case of conflicts in link direction with semi-static UL-DL configuration,
· HARQ-ACK transmission is postponed to the next available slot that has no conflicts with semi-static configuration in the symbol(s) originally intended for the HARQ-ACK transmission
· The HARQ-ACK is transmitted on the same symbol(s) that were intended to be used in case of no link direction conflict.
4 Conclusions

In this contribution, we discussed some remaining details on minimum UE processing times and HARQ management corresponding DL SPS. Based on the presented discussions, we make the following proposals:
Proposal 1:

· For baseline (Capability 1) UE processing times, for PDSCH mapping type B with 2-symbol duration, the minimum UE processing times are defined as the following where N1 is the corresponding value from Table 5.3-1 of TS 38.214: 
· N1 + 3 symbols when there is no time-domain overlap between the scheduling PDCCH and the scheduled PDSCH
· N1 + 3 + d symbols when there is a time-domain overlap of ‘d’ symbols (d = {1, 2}) between the scheduling PDCCH and the scheduled PDSCH 
Proposal 2:

· Adopt the following values as the UE minimum processing times for Capability 2:
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	4
	4

	Front-loaded + additional DMRS
	N1
	Symbols
	12
	12

	Frequency-first RE-mapping
	N2
	Symbols
	5
	5


Proposal 3:

· For HARQ-ACK feedback in response to DL SPS, in case of conflicts in link direction with semi-static UL-DL configuration,
· HARQ-ACK transmission is postponed to the next available slot that has no conflicts with semi-static configuration in the symbol(s) originally intended for the HARQ-ACK transmission
· The HARQ-ACK is transmitted on the same symbol(s) that were intended to be used in case of no link direction conflict.
References

[1] Chairman’s notes, RAN1 #92, Athens, Greece, Feb. 2018.

[2] TS 38.214, v15.0.
PAGE  
5/5

