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Type1 HARQ-ACK CB generation with multiple PDSCHs per slot
In Rel-15, for Type 1 HARQ-ACK CB generation, the pseudocode in 38.213 Section 9.1.2.1 includes an “if / else” condition for the case that the UE can only receive one PDSCH per slot versus the case that the UE can receive more than one PDSCHs per slot, as shown below:

if the UE does not indicate a capability to receive more than one unicast PDSCH per slot and , 

; 

;
The UE does not expect to receive SPS PDSCH release and unicast PDSCH in a same slot;
else 


Set  to the cardinality of 


Set  to the smallest last OFDM symbol index, as determined by the SLIV, among all rows of 

while 

Set  

while 



if  for start OFDM symbol index  for row  


; - index of occasion for candidate PDSCH reception or SPS PDSCH release associated with row 

;

;
else

; 
end if
end while



;


Set  to the smallest last OFDM symbol index among all rows of ;
end while
end if



For the “if” part, only one place is added to the HARQ-ACK CB (to the set of occasions for candidate PDSCH receptions) per DL slot per CC. For the “else” part, the SLIVs corresponding to different TDRA rows / entries are grouped and max number of non-overlapping SLIVs are determined such that one place is added to the HARQ-ACK CB (to the set of occasions for candidate PDSCH receptions) for each non-overlapping SLIV / group per DL slot per CC.
Furthermore, the condition that determines this “if / else” parts is based on UE capability signaling, i.e., “the UE does not indicate a capability to receive more than one unicast PDSCH per slot”.
Observation 1: The existing Type1 HARQ-ACK CB generation procedure as well as the CB size is a function of whether UE indicates a capability to receive more than one unicast PDSCH per slot or not.   
Issues with existing specification
In this section, we discuss three different issues with the existing specification on Type1 HARQ-ACK CB generation with respect to the “if / else” condition described in Section 1.
Issue 1 (ambiguity issue): It is not clear this capability refers to which FG exactly. More specifically, all the following FGs (FGs 5-11 / 5-11a / 5-11b / 5-13 / 5-13a / 5-13c / 5-5b of Rl-15, or FGs 22-3f/g/h and 22-4f/g/h of Rel-16) can indicate a capability to receive more than one unicast PDSCH per slot, as shown below referring to 38.306:
	[bookmark: _Hlk126413191]pdsch-ProcessingType1-DifferentTB-PerSlot
Defines whether the UE capable of processing time capability 1 supports reception of up to two, four or seven unicast PDSCHs for several transport blocks with PDSCH scrambled using C-RNTI, TC-RNTI, MCS-C-RNTI or CS-RNTI in one serving cell within the same slot per CC that are multiplexed in time domain only.

NOTE:	PDSCH(s) for Msg.4 is included.
	FS
	No
	N/A
	N/A

	pdsch-ProcessingType2
Indicates whether the UE supports PDSCH processing capability 2. The UE supports it only if all serving cells are self-scheduled and if all serving cells in one band on which the network configured processingType2 use the same subcarrier spacing. This capability signalling comprises the following parameters for each sub-carrier spacing supported by the UE.
-	fallback indicates whether the UE supports PDSCH processing capability 2 when the number of configured carriers is larger than numberOfCarriers for a reported value of differentTB-PerSlot. If fallback = 'sc', UE supports capability 2 processing time on lowest cell index among the configured carriers in the band where the value is reported, if fallback = 'cap1-only', UE supports only capability 1, in the band where the value is reported;
-	differentTB-PerSlot indicates whether the UE supports processing type 2 for 1, 2, 4 and/or 7 unicast PDSCHs for different transport blocks per slot per CC; and if so, it indicates up to which number of CA serving cells the UE supports that number of unicast PDSCHs for different TBs. The UE shall include at least one of numberOfCarriers for 1, 2, 4 or 7 transport blocks per slot in this field if pdsch-ProcessingType2 is indicated.
	FS
	No
	N/A
	FR1 only

	pdsch-ProcessingType2-Limited
Indicates whether the UE supports PDSCH processing capability 2 with scheduling limitation for SCS 30kHz. This capability signalling comprises the following parameter.
-	differentTB-PerSlot-SCS-30kHz indicates the number of different TBs per slot.
The UE supports this limited processing capability 2 only if:
1)	One carrier is configured in the band, independent of the number of carriers configured in the other bands;
2)	The maximum bandwidth of PDSCH is 136 PRBs;
3)	N1 based on Table 5.3-2 of TS 38.214 [12] for SCS 30 kHz.
	FS
	No
	N/A
	FR1 only

	cbgPDSCH-ProcessingType1-DifferentTB-PerSlot-r16
Defines whether the UE capable of processing time capability 1 supports CBG based reception with one or with up to two or with up to four or with up to seven unicast PDSCHs per slot per CC.
	FS
	No
	N/A
	N/A

	cbgPDSCH-ProcessingType2-DifferentTB-PerSlot-r16
Defines whether the UE capable of processing time capability 2 supports CBG based reception with one or with up to two or with up to four or with up to seven unicast PDSCHs per slot per CC.
	FS
	No
	N/A
	N/A



Given this, should the UE consider only one or multiple of the UE capabilities above? Or should the UE take in to account the RRC configurations that enables PDSCH processing Type 2 (processingType2Enabled) and/or enables CBG-based transmission (PDSCH-CodeBlockGroupTransmission) in order to know which reported UE capability should be considered to determine the “if / else” condition? Even if it does, it may not work since RRC configuration cannot distinguish between “pdsch-ProcessingType2” versus “pdsch-ProcessingType2-Limited”. 

Issue 2 (ambiguity issue): Even for one of the UE capabilities above, there is still an ambiguity issue. Let’s focus only on the first capability above “pdsch-ProcessingType1-DifferentTB-PerSlot”. Given that this capability is per FS (per band per band combination), the UE may indicate the support of more than one PDSCH per slot for
· Band 1 in band combination (band 1, band 2) in one feature set.
· Band 2 in band combination (band 1, band 2) in another feature set.

This UE does not support this feature in both bands simultaneously in band combination (band 1, band 2). Now, the network configures CC1 in band 1 and CC2 in band 2. Network can schedule multiple PDSCHs per slot either for CC1 or for CC2, but not for both. However, the UE does not know which CC may be scheduled with multiple PDSCHs per slot (given that there is no RRC configuration to enable this feature). Hence, this may result in Type1 HARQ-ACK CB mismatch issues between the UE and the network. On top of this issue, there is the concept of fallback band combination that the UE may not explicitly report (fallback band combination is a subset of one reported band combination), which may further complicate the determination of this “if / else” condition for each CC in a CA configuration.  
Issue 3 (not controllable by the network): For a UE that reports such capability / capabilities to receive more than one PDSCH per slot, network cannot enable / disable this feature. For example, network may not be capable of sending multiple PDSCH per slot per CC for a given UE, or may not see the need to utilize this capability of the UE, but the UE still needs to generate a large HARQ-ACK CB size with multiple (up to 7) occasions for candidate PDSCH receptions per slot per CC based on max number of non-overlapping SLIVs. Note that even the default TDRA table includes multiple non-overlapping SLIVs and Type1 HARQ-ACK CB generation is based on the union of TDRA tables. Effectively, a more capable UE (that supports this feature for more bands / band combinations) will report a larger Type1 HARQ-ACK CB size even when the network does not utilize this capability.  

Observation 2: The following issues exist for the existing Type1 HARQ-ACK CB generation procedure with respect to determining the “if /else” condition in the pseudocode 
· Issue 1: There is an ambiguity wrt “capability to receive more than one unicast PDSCH per slot” is referring to which UE capability exactly.
· Issue 2: There is an ambiguity wrt “capability to receiving more than one unicast PDSCH per slot” should be assumed for which CC/band in a CA configuration.
· Issue 3: Network has no way to enable / disable the capability of receiving more than one PDSCH per slot, i.e., even when the network does not intend to use this capability, this issue results in unnecessary large Type1 HARQ-ACK CB size. 
Proposal to address the issues
Given that both issue 1 and issue 2 result in Type1 HARQ-ACK CB size mismatch, and issue 3 results in unnecessary large CB size, we prefer to introduce an RRC configuration that can indicate the maximum number of PDSCHs per slot. This RRC parameter can be configured per CC. Furthermore, this change should not impact Rel-15 (or Rel-16) UEs as it would be too late. We prefer to introduce this RRC configuration starting from Rel-17. We are also open to clarify the behaviour with respect to issue 1 and issue 2 (i.e., w/o introducing a new RRC parameter), but we find it hard to reach a consensus on clarifications that can fix both issues and are backward compatible at the same time. 
Proposal 1: For the issue of determining the “if / else” condition in Type1 HARQ-ACK CB generation:
· No change to Rel-15/16 UEs.
· Starting from Rel-17, introduce a new RRC parameter that indicates the maximum number of PDSCHs per slot.
· This RRC parameter can be configured per CC.
Conclusion 
In this contribution, we observed / proposed the following:
Observation 1: The existing Type1 HARQ-ACK CB generation procedure as well as the CB size is a function of whether UE indicates a capability to receive more than one unicast PDSCH per slot or not.   
Observation 2: The following issues exist for the existing Type1 HARQ-ACK CB generation procedure with respect to determining the “if /else” condition in the pseudocode 
· Issue 1: There is an ambiguity wrt “capability to receive more than one unicast PDSCH per slot” is referring to which UE capability exactly.
· Issue 2: There is an ambiguity wrt “capability to receiving more than one unicast PDSCH per slot” should be assumed for which CC/band in a CA configuration.
· Issue 3: Network has no way to enable / disable the capability of receiving more than one PDSCH per slot, i.e., even when the network does not intend to use this capability, this issue results in unnecessary large Type1 HARQ-ACK CB size. 

Proposal 1: For the issue of determining the “if / else” condition in Type1 HARQ-ACK CB generation:
· No change to Rel-15/16 UEs.
· Starting from Rel-17, introduce a new RRC parameter that indicates the maximum number of PDSCHs per slot.
· This RRC parameter can be configured per CC.




8/8
image1.wmf
Æ

¹

R


oleObject1.bin

image2.wmf
j

M

M

c

A

c

A

U

,

,

=


oleObject2.bin

image3.wmf
1

+

=

j

j


oleObject3.bin

image4.wmf
(

)

R

C


oleObject4.bin

image5.wmf
R


oleObject5.bin

image6.wmf
m


oleObject6.bin

oleObject7.bin

oleObject8.bin

image7.wmf
0

=

r


oleObject9.bin

image8.wmf
(

)

R

r

C

<


oleObject10.bin

image9.wmf
m

S

£


oleObject11.bin

image10.wmf
S


oleObject12.bin

image11.wmf
r


oleObject13.bin

image12.wmf
j

b

D

n

k

r

=

,

,


oleObject14.bin

image13.wmf
r


oleObject15.bin

image14.wmf
r

R

R

\

=


oleObject16.bin

image15.wmf
D

n

k

r

b

B

B

,

,

U

=


oleObject17.bin

image16.wmf
1

+

=

r

r


oleObject18.bin

image17.wmf
;

,

,

j

M

M

c

A

c

A

U

=


oleObject19.bin

oleObject20.bin

oleObject21.bin

oleObject22.bin

image19.wmf
Æ

¹

R


oleObject23.bin

image20.wmf
j

M

M

c

A

c

A

U

,

,

=


oleObject24.bin

image30.wmf
1

+

=

j

j


oleObject25.bin

image40.wmf
(

)

R

C


oleObject26.bin

image50.wmf
R


oleObject27.bin

image60.wmf
m


oleObject28.bin

oleObject29.bin

oleObject30.bin

image70.wmf
0

=

r


oleObject31.bin

image80.wmf
(

)

R

r

C

<


oleObject32.bin

image90.wmf
m

S

£


oleObject33.bin

image100.wmf
S


oleObject34.bin

image110.wmf
r


oleObject35.bin

image120.wmf
j

b

D

n

k

r

=

,

,


oleObject36.bin

image130.wmf
r


oleObject37.bin

image140.wmf
r

R

R

\

=


oleObject38.bin

image150.wmf
D

n

k

r

b

B

B

,

,

U

=


oleObject39.bin

image160.wmf
1

+

=

r

r


oleObject40.bin

image170.wmf
;

,

,

j

M

M

c

A

c

A

U

=


oleObject41.bin

oleObject42.bin

oleObject43.bin

oleObject44.bin

image18.wmf
c

A

M

,


oleObject45.bin

oleObject46.bin

