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1. Introduction
Based on the revised WID approved at the RAN#90-e meeting [1], RAN1 discussed and made some agreements on PDSCH/PUSCH enhancements for supporting NR from 52.6 – 71 GHz at RAN1#104-e. In this contribution, we discuss on PDSCH/PUSCH enhancements for NR from 52.6 – 71 GHz, including:
· Scheduling/HARQ

2. Scheduling/HARQ
2.1. Multi-PDSCH/PUSCH scheduling
Following agreements were made at RAN1#106-e for multi-PDSCH/PUSCH scheduling by single DCI [2]. More details of multi-PDSCH/PUSCH scheduling need to be further designed.

	Working assumption:
Scheduling multiple PDSCHs by single DL DCI applies to 120 kHz in addition to 480 and 960 kHz at least in FR2-2.
· FFS: Further limitations on maximum number of PDSCH

Agreement:
If a scheduled PDSCH/PUSCH is dropped due to collision with UL/DL symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, HARQ process number increment is skipped for the PDSCH/PUSCH and applied only for valid PDSCH(s)/PUSCH(s).
· FFS: HARQ process number determination for the case where a scheduled PDSCH/PUSCH collides with a flexible symbol (indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated) if the UE is configured to monitor DCI format 2_0.

Agreement:
· For a DCI that can schedule multiple PUSCHs,
· Priority indicator and open loop power control parameter set indication fields are applied to all of scheduled PUSCHs.
· For a DCI that can schedule multiple PDSCHs,
· Priority indicator field is applied to all of scheduled PDSCHs.

Agreement:
For TDRA in a DCI that can schedule multiple PDSCHs (or PUSCHs),
· A row of the TDRA table can indicate PDSCHs (or PUSCHs) that are in consecutive or non-consecutive slots, by configuring {SLIV, mapping type, scheduling offset K0 (or K2)} for each PDSCH (or PUSCH) in the row of TDRA table.
· Note: Whether and how to reduce RRC overhead is left to RAN2.

Agreement:
For a DCI that can schedule multiple PDSCHs,
· Each of VRB-to-PRB mapping, PRB bundling size indicator, ZP-CSI-RS trigger, and rate matching indicator fields appears only once in the DCI.
· VRB-to-PRB mapping and PRB bundling size indicator fields are applied to all the PDSCHs scheduled by the DCI.
· For ZP-CSI-RS trigger field, the triggered aperiodic ZP CSI-RS is applied to all the slot(s) in which the PDSCH(s) scheduled by the DCI are contained.
· When receiving a PDSCH scheduled by the DCI, the REs corresponding to configured resources in rateMatchPatternGroup1 or rateMatchPatternGroup2 (according to indication of rate matching indicator field) are not available for the scheduled PDSCH.

Working assumption:
For NR FR2-2, two codeword transmission is supported, subject to UE capability.
· RRC parameter configures whether two codeword transmission is enabled or disabled.
· FFS: Details on signaling of MCS/NDI/RV for the second TB in a DCI that can schedule multiple PDSCHs when two codeword transmission is enabled
· FFS: Whether unified or separate parameter to enable/disable 2-TB for single and for multiple PDSCH scheduling
· Strive to minimize the increase in the number of bits in the DCI needed to support this feature

Agreement:
· For single TRP operation, for 480/960 kHz SCS,
· FFS: A UE does not expect to be scheduled with more than one PDSCH in a slot, by a single DCI or multiple DCIs.
· FFS: A UE does not expect to be scheduled with more than one PUSCH in a slot, by a single DCI or multiple DCIs.
· For single TRP operation, for 120 kHz SCS (same as current specification for FR2-1 for PUSCH),
· Subject to UE capability, a UE can be scheduled with more than one PDSCH in a slot, by a single DCI or multiple DCIs.
· Subject to UE capability, a UE can be scheduled with more than one PUSCH in a slot, by a single DCI or multiple DCIs.
· FFS for multi-TRP operation
· Note: The optimization of HARQ codebook size for Type 1 or Type 2 codebook design is considered as a low priority in Rel-17 (this does not preclude HARQ ACK bundling in time domain).
· The agreement made in RAN1#105-e is revised as follows.




For a DCI that can schedule multiple PUSCHs, following aspects need further discussion:
· TDRA: 
· In Rel-16 multi-PUSCH scheduling design, PUSCH repetition is not supported if such TDRA table with multiple SLIVs in one TDRA row is configured. However, there is a note in RAN1#104-e agreements that "This does not imply that existing slot aggregation and/or repetition for PDSCH and PUSCH by single DCI is precluded for the serving cell”. With this note, some aspects on the relationship between the DCI scheduling multi- PUSCH and the DCI scheduling single PUSCH with repetitions may need to be discussed further. For instance, for a DCI format configured with TDRA table which has multiple SLIVs in at least one row, whether single PUSCH with repetition can be scheduled by the DCI format should be decided. From scheduling flexibility perspective, we propose to support single PUSCH repetition scheduling by a DCI configured with a TDRA table which includes more than one SLIVs in at least one row. Therefore, harmonization of multi-PUSCH scheduling related configuration (e.g. TDRA table) and PUSCH repetition related configuration (e.g. TDRA table with number of repetitions, PUSCH repetition type should be configured for the DCI format) should be discussed. For example, for a DCI format configured with TDRA table including multiple SLIVs in at least one row, if PUSCH repetition type is configured as “PUSCH repetition type B”, the TDRA table will also include one column “K” indicating number of PUSCH repetitions. The column “K” may exist only in a row with single SLIV, or exist in each row but only apply when single SLIV is indicated. Based on this, PUSCH repetition or multi-PUSCH scheduling can be switched in dynamic manner.  
· CBGTI: CBG based scheduling is not supported in Rel-16 multi-PUSCH design when multiple PUSCHs are scheduled by one DCI. There is no strong motivation to have different design from the previous situation. Moreover, supporting CBG based scheduling for multiple PUSCHs will cause significant DCI overhead issue, assuming the CBG field needs to be reserved for the maximum number of PUSCHs that can be scheduled by one DCI. Therefore, CBG based scheduling should not be supported at least when multiple PUSCHs are scheduled in 52.6 – 71 GHz.
· FDRA: With regard to FDRA for multi-PUSCH scheduling, enhancement can be considered to reduce DCI overhead, e.g. increasing RBG size.
· Frequency hopping: PUSCH frequency hopping should be supported similar to single PUSCH scheduling in Rel-15/16 NR since interlaced resource allocation is not applied in 52.6 -71 GHz. We can reuse existing frequency hopping scheme, while if necessary, an introduction of new frequency hopping scheme for multi-PUSCH (e.g. inter/intra-PUSCH hopping) could also be considered.
· Number of PUSCHs in one slot for 480/960kHz SCS: There is no additional specification effort to support more than one PUSCH in one slot. Therefore, it is not necessary to define such limitation in specification. It can be subject to UE capability similar to the one specified in FR1 and FR2-1.

For a DCI that can schedule multiple PDSCHs, following DCI fields need further discussion:
· CBGTI/CBGFI: Similar to multi-PUSCH scheduling case, CBG based scheduling should not be supported when multiple PDSCHs are scheduled by one DCI in 52.6 – 71 GHz.
· Support of two-TB transmission: If two-TB transmission is supported when multiple PDSCHs are scheduled, at least NDI and RV fields will need to be doubled. Considering maximum 8 PDSCHs can be scheduled by one DCI, at least 16 bits will be increased compared to the case of single TB transmission only. We prefer to give NW a freedom to select whether to do 2-TB transmission or to reduce DCI overhead. Two potential solutions may be used to address the DCI payload concern.
· Solution 1: Separate parameters to enable 2-TB scheduling for single PDSCH case and for multi-PDSCH case, which can provide more flexibility for trade-off between capacity gain and DCI payload concern. 
· If there is only an unified parameter to enable 2-TB scheduling for both single  PDSCH scheduling and for multi-PDSCH scheduling, only two states are possible: “max 1 TB for single PDSCH scheduling, max 1 TB for multiple PDSCH scheduling”, and “max 2 TBs for single PDSCH scheduling, max 2 TBs for multiple PDSCH scheduling.
· If separate parameter to enable 2-TB scheduling for single PDSCH scheduling and for multi-PDSCH scheduling, a trade-off state “max 2 TB for single PDSCH scheduling, max 1 TB for multiple PDSCH scheduling” can be achieved by gNB configuration. It can alleviate DCI payload concern of some companies objecting max 2-TB for multi-PDSCH by gNB proper configuration.
· Solution 2: Two-TB scheduling is supported for multiple PDSCH scheduling only when the number of scheduled PDSCHs is no more than X (e.g. X=2 or 4). 
· FDRA: Similar to multi-PUSCH scheduling case, enhancement can be considered to reduce DCI overhead, e.g. increasing RBG size.
· Number of PDSCHs in one slot for 480/960kHz SCS: There is no additional specification effort to support more than one PDSCHs in one slot. Therefore, it is not necessary to define such limitation in specification. It can be subject to UE capability similar to the UE capability in FR1 and FR2-1.
· 

Proposal 1: 
· For multi-PUSCH scheduled by single DCI,
· Support single PUSCH repetition scheduling by a DCI format configured with TDRA table which includes more than one SLIVs in at least one row.
· CBG based scheduling is not supported when multiple PUSCHs are scheduled by one DCI.
· Support FDRA enhancement to reduce DCI overhead.
· Support frequency hopping for multi-PUSCH scheduling. Newly introduced frequency hopping scheme for multi-PUSCH scheduling can be considered.
· Support scheduling more than one PUSCHs in one slot for 480/960 kHz SCS, which can be subject to UE capability.
· For multi-PDSCH scheduled by single DCI,
· CBG based scheduling is not supported when multiple PDSCHs are scheduled by one DCI.
· Support FDRA enhancement to reduce DCI overhead.
· Support scheduling more than one PDSCHs in one slot for 480/960 kHz SCS, which can be subject to UE capability.
· For two-TB scheduling, two solutions can be considered to address DCI payload concern:
· Solution 1: Separate parameters to enable 2-TB scheduling for single PDSCH case and multi-PDSCH case.
· Solution 2: 2-TB scheduling can be supported only when the number of scheduled PDSCHs is no more than X (e.g. X=2/4).

2.2. HARQ-ACK feedback for multi-PDSCH scheduled by single DCI
Type 1 HARQ-ACK feedback

The agreement made at RAN1#105-e for type 1 HARQ-ACK feedback for multi-PDSCH scheduling by single DCI was modified at RAN1#106-e, in order to preclude further optimization based on Rel-16 pruning rules.
	Agreement: (RAN1#105-e)
For enhancements of generating type-1 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, the set of candidate PDSCH reception occasions corresponding to a UL slot with HARQ-ACK transmission is determined based on a set of DL slots and a set of SLIVs corresponding to each DL slot belonging to the set of DL slots.
· The set of DL slots contains all the unique DL slots determined by considering all combinations of the configured K1 values and the configured rows of the TDRA table.
· The set of SLIVs corresponding to a DL slot (belonging to the set of DL slots) contains all the SLIVs for that slot determined by considering all combinations of the configured K1 values and the configured rows of the TDRA table.
· The Rel-16 procedure is reused for determining the candidate PDSCH reception occasions for the set of SLIVs corresponding to each DL slot belonging to the set of DL slots
· Note: The Rel-16 procedure already handles pruning of multiple SLIVs corresponding to a DL slot, for both UEs that are and are not capable of receiving multiple PDSCHs per slot
· FFS impact of time domain bundling, if supported



According to the updated agreement at RAN1#106-e above, the set of DL slots will be extended compared to the one specified in Rel-16. There are two alternatives considering with or without K1 set extension. 
· Alt 1: The extended DL slot set is obtained by K1 set extension.
· The K1 set extension can be based on K0 configurations in each TDRA row. For example, if the set  represents set of “offset values of each K0 to the last K0 of SLIVs in the same row” for each row, the extended K1 set  can be obtained by {}, for each  in the original configured K1 set  and for each .  
· Rel-16 procedure can be reused by replacing the “configured K1 set” by the “extended K1 set” to obtain the extended DL slot set.
· Alt 2: The extended DL slot set is obtained by directly extending original DL slot set, without K1 set extension.
· Rel-16 procedure is applied to obtain the DL slot set based on configured K1 set.
· The determined DL slot set is directly extended based on above described set . 
For the above two alternatives to obtain the extended DL slot set, we slightly prefer Alt 1 since K1 set extension can be outside the whole procedure for type 1 HARQ-ACK CB generation. Less specification impacts on the existing type 1 HARQ-ACK CB generation can be achieved. 

Proposal 2: K1 set is extended to obtain the extended DL slot set. The K1 extension is based on K0 configurations in each TDRA row.

Type 2 HARQ-ACK feedback
Three alternatives for type 2 HARQ-ACK CB generation for multi-PDSCH scheduling were down-scoped into the following in RAN1#104-e.
· Alt 1: C-DAI/T-DAI is counted per DCI.
· Alt 2: C-DAI/T-DAI is counted per PDSCH.
· Alt 3: C-DAI/T-DAI is counted per M scheduled PDSCH(s), where M is configurable (e.g., 1, 2, 4, …).

Alt 1 is down-selected at RAN1#106-e. More details on HARQ-ACK CB construction considering CBG configuration need further down-selection from three options. From simplicity perspective, we prefer to support option 3.

	Agreement:
Adopt Alt 1 (C-DAI/T-DAI is counted per DCI) for generating type-2 HARQ-ACK codebook corresponding to a DCI that can schedule multiple PDSCHs.

[bookmark: _Hlk80964451]Agreement:
Consider the following options to construct type-2 HARQ-ACK codebook when CBG operation is configured, and down-select to one of the following options in RAN1#106bis-e.
· Option 1: HARQ-ACK bits corresponding to CBG-based PDSCH reception and multi-PDSCH reception are merged into the same sub-codebook.
· Option 2: HARQ-ACK bits corresponding to CBG-based PDSCH reception and HARQ-ACK bits corresponding to multi-PDSCH reception are contained in separate sub-codebooks.
· Option 3: UE does not expect to be configured with both of CBG operation and multi-PDSCH scheduling in the same PUCCH cell group.
· Note: Multi-PDSCH reception refers to the case where multiple PDSCHs are scheduled by a DCI that is configured with TDRA table containing at least one row with multiple SLIVs.



Proposal 3: Support option 3 for CBG consideration, i.e. UE does not expect to be configured with both of CBG operation and multi-PDSCH scheduling in the same PUCCH cell group.

Since PUCCH payload size is a significant factor impacting PUCCH reliability, how to avoid large PUCCH payload size should be considered to avoid PUCCH reliability degradation. In our view, HARQ-ACK bundling could be an effective method to achieve it. If time domain HARQ-ACK bundling is applied, e.g. HARQ-ACKs of the PDSCHs scheduled by the same DCI are combined into one bit by “logical AND”, single codebook without multiple sub-codebooks is enough for the case without CBG based transmission configured. 
Time domain HARQ-ACK bundling can be enabled/disabled by RRC configuration. The enabling/disabling may depend on other configurations, e.g. time domain HARQ-ACK bundling can be enabled only when “CBG based transmission is not configured/supported for multiple PDSCH scheduling”, and “maximum # TB/CW for PDSCH (for multiple PDSCH scheduling is one”.

Proposal 4: Support time domain HARQ-ACK bundling.


2.3. Joint channel estimation for multi-PDSCH scheduling 
Joint channel estimation (JCE) over PUSCHs in multiple slots is one of the objectives for Rel-17 WI of NR coverage enhancement. By utilizing the JCE mechanism at the receiver side, the channel estimation accuracy and the decoding performance may be improved. In this section, we provide some evaluation results to verify the gain of JCE across multiple slots that is used for multi-PDSCH scheduling to be supported in 52.6 – 71 GHz WI. 

The evaluation results with 480 and 960 kHz SCS are shown in Figure 2-1 and 2-2, respectively. In the evaluation, the time window size, N, is defined to indicate the number of slots, where DMRSs used for joint channel estimation are contained. For example, N=1 means no joint CE and N=4 means DMRSs contained in 4 slots, including a slot with the PDSCH being decoded and 3 earlier slots are used for joint channel estimation.      
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Figure 2-1: BLER performance with JCE over multi-PDSCH with 480KHz SCS and TDL-A 5/10/20/40 ns
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Figure 2-2: BLER performance with JCE over multi-PDSCH with 960KHz SCS and TDL-A 5/10/20/40 ns

Table 2-1: Summary of performance gains observed with JCE over multi-PDSCH 
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The performance gain of JCE, i.e., N=2/4/8, compared to no JCE, i.e., N=1, in different SCS and channel delay spread conditions are summarized in Table 2-1. It is found that the gain of JCE depends on the degree of channel fluctuation. For example, the larger channel delay spread, i.e., more severe channel fluctuation in frequency domain, the larger gain of JCE is achieved. When N=8 and DS=40 ns, in which the maximum gain is assumed with JCE, the gain of JCE is about 0.41 dB and 0.63 dB in SCS of 480 kHz and 960kHz, respectively.

Moreover, in order to support JCE over multiple slots with different TBs, some restrictions will be required at transmitter side, which will cause less flexibility on the operation and a certain amount of specification impact. Therefore, given the results above and some expected drawbacks, we do not see any significant gain by supporting JCE for multi-PDSCH scheduling. 

Observation 1: The maximum gain of JCE over multi-PDSCH scheduling is about 0.41dB and 0.63dB in SCS of 480kHz and 960kHz, respectively. 
 
Proposal 5:  No need to support JCE for multi-PDSCH scheduling due to no significant gain.

3. Conclusion

Proposal 1: 
· For multi-PUSCH scheduled by single DCI,
· Support single PUSCH repetition scheduling by a DCI format configured with TDRA table which includes more than one SLIVs in at least one row.
· CBG based scheduling is not supported when multiple PUSCHs are scheduled by one DCI.
· Support FDRA enhancement to reduce DCI overhead.
· Support frequency hopping for multi-PUSCH scheduling. Newly introduced frequency hopping scheme for multi-PUSCH scheduling can be considered.
· Support scheduling more than one PUSCHs in one slot for 480/960 kHz SCS, which can be subject to UE capability.
· For multi-PDSCH scheduled by single DCI,
· CBG based scheduling is not supported when multiple PDSCHs are scheduled by one DCI.
· Support FDRA enhancement to reduce DCI overhead.
· Support scheduling more than one PDSCHs in one slot for 480/960 kHz SCS, which can be subject to UE capability.
· For two-TB scheduling, two solutions can be considered to address DCI payload concern:
· Solution 1: Separate parameters to enable 2-TB scheduling for single PDSCH case and multi-PDSCH case.
· Solution 2: 2-TB scheduling can be supported only when the number of scheduled PDSCHs is no more than X (e.g. X=2/4).

Proposal 2: K1 set is extended to obtain the extended DL slot set. The K1 extension is based on K0 configurations in each TDRA row.

Proposal 3: Support option 3 for CBG consideration, i.e. UE does not expect to be configured with both of CBG operation and multi-PDSCH scheduling in the same PUCCH cell group.

Proposal 4: Support time domain HARQ-ACK bundling.

Observation 1: The maximum gain of JCE over multi-PDSCH scheduling is about 0.41dB and 0.63dB in SCS of 480kHz and 960kHz, respectively.  

Proposal 5:  No need to support JCE for multi-PDSCH scheduling due to no significant gain.
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Appendix 
Table A-1 Simulation Parameter
	Parameter
	Values 

	Carrier Frequency
	60GHz

	Bandwidth
	400 MHz 

	Subcarrier spacing (SCS)
	480 kHz
	960 kHz

	Subcarrier number
	768 (64 RBs)
	384 (32 RBs)

	FFT size
	1024
	512

	Channel Model
	TDL-A 5ns, 10ns, 20ns, 40ns

	MCS
	16

	Phase noise 
	No

	PTRS
	No

	DMRS
	Rel-15 Type1 DMRS 

	Channel estimation 
	MMSE across multi-PDSCH slots 





- 1/9 -
image1.png
BLER

1.0E+00

1.0E-01

1.0E-02

1.0E-03

Joint-CE for PDSCH, 480kHz, MCS16, TDL-A 5ns

—@—time window size =1

—@—time window size =2
—&—time window size =4

—@—time window size =8

SNR[dB]

10

11

BLER

12

1.0E+00

1.0E-01

1.0E-02

1.0E-03

Joint-CE for PDSCH, 480kHz, MCS16, TDL-A 10ns

—@—time window size =1

—@—time window size =2
—&—time window size =4

—@—time window size =8

SNR[dB]

10

11

12




image2.png
BLER

1.0E+00

1.0E-01

1.0E-02

1.0E-03

Joint-CE for PDSCH, 480kHz, MCS16, TDL-A 20ns

—@—time window size = 1

—@—time window size =2
—®—time window size = 4

—@—time window size =8

SNR[dB]

10

11

BLER

12

1.0E+00

1.0E-01

1.0E-02

1.0E-03

Joint-CE for PDSCH, 480kHz, MCS16, TDL-A 40ns

—@—time window size = 1

—@—time window size =2
—®—time window size = 4

—@—time window size =8

SNR[dB]

10

11

12




image3.png
BLER

1.0E+00

1.0E-01

1.0E-02

1.0E-03

Joint-CE for PDSCH, 960kHz, MCS16, TDL-A 5ns

—@—time window size =1
—@—time window size =2
—&—time window size =4

—@—time window size =8

SNR[dB]

10

11

12

BLER

1.0E+00

1.0E-01

1.0E-02

1.0E-03

—@—time window size = 1
—@—time window size =2
—®—time window size = 4

—@—time window size =8

SNR[dB]

Joint-CE for PDSCH, 960kHz, MCS16, TDL-A 10ns

10

11

12




image4.png
BLER

1.0E+00

1.0E-01

1.0E-02

1.0E-03

—@—time window size = 1
—@—time window size =2
—®—time window size = 4

—@—time window size =8

Joint-CE for PDSCH, 960kHz, MCS16, TDL-A 20ns

10

11

12

BLER

1.0E+00

1.0E-01

1.0E-02

1.0E-03

—@—time window size =1

—@—time window size =2
—&—time window size =4

—@—time window size =8

SNR[dB]

Joint-CE for PDSCH, 960kHz, MCS16, TDL-A 40ns

10

11




image5.png
SCS Delay Gain of joint channel estimation (dB)
Sipized N=1 N=2 N=4 N=8
480KHz 5ns 0 0.07 0.09 0.12
10ns 0 0.12 0.16 0.19
20ns 0 0.17 0.25 0.29
40ns 0 0.26 0.36 0.41
960KHz 5ns 0 0.11 0.16 0.19
10ns 0 0.16 0.26 0.30
20ns 0 0.28 0.39 0.44
40ns 0 0.37 0.54 0.63





