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Introduction
In this contribution we discuss around the remaining aspect within the DL/UL scheduling and HARQ management area. There are several open points among them as for example the values for processing capability #2, the number of scheduled able PDSCH and PUSCH within a slot and lastly the default values for k1 that is needed during the initial access procedure for NSA operation. 
Discussion 
Processing capability #2
In terms of processing capabilities the remaining point is the aggressive processing time table. When discussing the values for this table it is important to consider that these values are supposed to give good marketing values for NR. The values should be something also to target in the more midterm for implementations and not strictly speaking the most initial UEs, hence the values should be picked with this in mind. In that sense the lowest value or below the lowest value in the currently discussed range would be applicable values.
Proposal: 
· For processing capability #2 adopt a processing requirement according to the table below (or lower)
Table 2.2-1 Proposed Range of UE Processing Time (Capability #2) from RAN1 #90bis
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	2.5
	2.5

	Front-loaded + additional DMRS
	N1
	Symbols
	12
	12

	Frequency-first RE-mapping
	N21
	Symbols
	2.5
	2.5



In terms of capturing the above in the specification there is some ambiguity when the UE supports capability #2. This particular for µ=2 and µ=3. How to clarify this has been captured in a text proposal in the appendix. Note that the processing requirement parts above are not captured there.
Proposal
· Clarify when the different processing capabilities applies according to text proposals
It can further be noted that the formula that calculates the number of symbols between PDSCH to HARQ and also between UL grant and PUSCH does not take into account the varying CP length within a slot. Whether not the formula should do this is good to clarify. 
Proposal
· Clarify that the formula calculating the number of symbols between PDSCH and HARQ-ACK and UL grant and PUSCH does not take into account varying CP length between different symbols
Processing requirement for SPS release
It is noted that in section 5.3 in 38.214 the processing requirement for SPS release is missing. The only processing capabilities listed there are related to PDSCH. Correspondingly, the SPS release part need to be added. The exact value has not been discussed either to our knowledge but given that this is mainly processing of an PDCCH message and not an PDSCH/PUSCH message the processing time should be in the order for a few OFDM symbols and hence rather short.
Proposal
· Discuss the processing requirement for SPS release
Multiple PDSCH and PUSCH
At the last RAN1 meeting the number of PDSCH and partly the number of PUSCHs that the UE can handle within a slot was discussed in a few different occasions. For PDSCH this is of interest particular for the HARQ-ACK codebook design. Before going into the specific discussion about the NR we can just recap what is supported within the LTE sTTI WI that has dealt with similar aspects. Within the sTTI feature for DL there is 6 sTTI. The UE can be scheduled in all of them after each other as a basic feature. The reason that it is six is that the sPDSCH varies in length between 2 and 3 OFDM symbols. The same is also true for UL. Correspondingly, for NR if operating with 15 kHz subcarrier spacing it can be of interest to support something within the same range. One option here is not to introduce a specific limit per say in NR as the limit would be set of the different lengths and scheduling opportunities that NR supports in the end. Specific limits maybe needed to be set for example when using the semi-static codebook for HARQ-ACK feedback for PDSCH, but that does not generally limit the UE capability as such.
Proposal
· Discuss whether there is need to set a limit on the number of the number of PDSCH/PUSCH that can be TDM within a slot, if a limit is introduced an appropriate one is around 8 PDSCH/PUSCHs
The next aspect to discuss is the possibility to receive multiple PDSCH in FDM manner within NR. Within LTE it is possible through a capability to receive both an PDSCH and an sPDSCH within the same subframe. For NR a similar capability can also be considered, the basis would in principle to receive two PDSCH with C-RNTI/SPS C-RNTI in parallel. The aspect with sPDSCH and PDSCH is difficult to cover for NR as this difference does not exist. 
Proposal
· Introduce a capability that indicates that the UE supports simultaneous reception of two PDSCHs on the same carrier scrambled with C-RNTI/SPS C-RNTI
· Note: The PDSCHs are FDM:ed in frequency
The final aspect is if the UE is scheduled in FDM manner with more PUSCHs or PDSCH than the UE can handle. The same aspect is also considered already in LTE and the same approach can be adopted for NR as well. The principle is that the latest received PDCCH give which PDSCH/PUSCH is valid. 
Proposal
· If the UE is scheduled with multiple PUSCHs that are FDM the PUSCH that corresponds to the latest received PDCCH is the valid PUSCH. The UE should hence drop the other PUSCH transmissions.
· If the UE is scheduled with multiple PDSCHs that are FDM and the UE does not have processing capability to support that, the UE should process the PDSCH that correspond to the latest received PDCCH
Default values for k1
There are several RRC parameters that are missing default values that needs this for initial access purposes. One such parameter is the parameter DL-data-DL-acknowledgement. The set of applicable values are 0 to 8 with a step size of 1. The DCI message have a bitfield of length three. We need to pick out 8 values out of the 9 possible values. To avoid reconfigurations later in the system it would be sensible to have the generic length 0 to 7 simply as default. It is know now that some of these values will then not be applicable for certain subcarrier spacing but that the base station can avoid to use them by scheduling.
Proposal
· The default values for DL-data-DL-acknowledgement are as follows (To be indicated to RAN2):
	PDSCH-to-HARQ_feedback timing indicator 
	
Number of slots 

	'000'
	0

	'001'
	1

	'010'
	2

	'011'
	3

	'100'
	4

	'101'
	5

	'110'
	6

	'111'
	7



Default values for the number of DL HARQ processes
Lastly the default value for the number of DL HARQ processes is missing. The most important aspect is that a value is selected. From a value range perspective we see that operating with 8 HARQ processes is sufficient for most deployment scenarios and hence this would be a suitable default value. 
Proposal:
· The default value for the number of DL HARQ processes is 8
Conclusion
In this contribution we discuss multiple aspects for DL/ULÖ scheduling and HARQ management procedure. Based on the discussion we have propose the following aspects:
· For processing capability #2 adopt a processing requirement according to the table below (or lower)
Table 2.2-1 Proposed Range of UE Processing Time (Capability #2) from RAN1 #90bis
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	2.5
	2.5

	Front-loaded + additional DMRS
	N1
	Symbols
	12
	12

	Frequency-first RE-mapping
	N21
	Symbols
	2.5
	2.5



· Clarify when the different processing capabilities applies according to text proposals
· Clarify that the formula calculating the number of symbols between PDSCH and HARQ-ACK and UL grant and PUSCH does not take into account varying CP length between different symbols
· Discuss the processing requirement for SPS release
· Discuss whether there is need to set a limit on the number of the number of PDSCH/PUSCH that can be TDM within a slot, if a limit is introduced an appropriate one is around 8 PDSCH/PUSCHs
· Introduce a capability that indicates that the UE supports simultaneous reception of two PDSCHs on the same carrier scrambled with C-RNTI/SPS C-RNTI
· Note: The PDSCHs are FDM:ed in frequency
· If the UE is scheduled with multiple PUSCHs that are FDM the PUSCH that corresponds to the latest received PDCCH is the valid PUSCH. The UE should hence drop the other PUSCH transmissions.
· If the UE is scheduled with multiple PDSCHs that are FDM and the UE does not have processing capability to support that, the UE should process the PDSCH that correspond to the latest received PDCCH
· The default values for DL-data-DL-acknowledgement are as follows (To be indicated to RAN2):
	PDSCH-to-HARQ_feedback timing indicator 
	
Number of slots 

	'000'
	0

	'001'
	1

	'010'
	2

	'011'
	3

	'100'
	4

	'101'
	5

	'110'
	6

	'111'
	7


· The default value for the number of DL HARQ processes is 8
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Appendix
Text proposal 5.3 for UE capability handling
[bookmark: _Toc501048203]5.3	UE PDSCH processing procedure time

[bookmark: _Hlk500865557]If the first symbol to carry the HARQ-ACK information starts no earlier than at symbol K1 the UE shall provide a valid HARQ-ACK message, where K1 is defined as the next uplink symbol with its CP starting after  after the last symbol of the PDSCH carrying the TB being acknowledged. N1 is defined in tables 5.3-1 and 5.3-2 depending on UE capability, where 
-	N1 and K1 are 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 µUL < µDL then , else 
-	If HARQ-ACK is transmitted on PUCCH, then d1=0,
-	If HARQ-ACK is transmitted on PUSCH, then d1=1.
Otherwise the UE may not provide a valid HARQ-ACK corresponding to the scheduled PDSCH. 
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



Table 5.3-2: PDSCH processing time for PDSCH processing capability 2
	

	PDSCH decoding time N1 [symbols]

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

	0
	[2.5 - 4]
	[12]

	1
	[2.5 - 6]
	[12]

	2
	N/A
	N/A

	3
	N/A
	N/A


[bookmark: _Hlk506547682]Note: If a value in Table 5.3-2 is indicated as N/A it implies that the processing time given by table 5.3-1 is applicable for the corresponding µ. 
Text proposal 6.4 for UE capability handling
6.4	UE PUSCH preparation procedure time

[bookmark: _Hlk496825264][bookmark: _Hlk496824447][bookmark: _Hlk496824026]If the first symbol in the PUSCH allocation, including the DM-RS, is no earlier than at symbol K2 the UE shall follow the scheduling DCI, where K2 is defined as the next uplink symbol with its CP starting  after the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, where N2 is defined by tables 6.4-1 and 6.4-2 depending on UE capability, where
-	N2 and K2 are based on the numerology of the PUSCH to be transmitted, 


-	If µUL < µDL then , else 
-	If the first symbol of the PUSCH allocation consists of DM-RS only, then d2=0,
-	Otherwise d2=1. 
 Otherwise the UE may ignore the scheduling DCI. 
Table 6.4-1: PUSCH preparation time for PUSCH timing capability 1
	

	PUSCH preparation time N2 [symbols]

	0
	10

	1
	12

	2
	23

	3
	36



Table 6.4-2: PUSCH preparation time for PUSCH timing capability 2
	

	PUSCH preparation time N2 [symbols]

	0
	[2.5-6]

	1
	[2.5-6]

	2
	N/A

	3
	N/A


Note: If a value in Table 6.4-2 is indicated as N/A it implies that the processing time given by table 6.4-1 is applicable for the corresponding µ. 
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