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1. Introduction
In this contribution, we discuss and provide views on multi-PDSCH/PUSCH scheduling, reference signals including PT-RS, and time line related aspects adapted to each of 480 kHz and 960 kHz SCSs, to support NR in high frequency range from 52.6 GHz to 71 GHz (simply denoted as “FR-X” hereafter).

2. Multi-PDSCH/PUSCH scheduling and HARQ operation
In this section, we discuss multi-PUSCH scheduling with a single UL DCI, multi-PDSCH scheduling with a single DL DCI, and corresponding HARQ operation.

	Agreement:
· For a UE and for a serving cell, scheduling multiple PDSCHs by single DL DCI and scheduling multiple PUSCHs by single UL DCI are supported.
· Each PDSCH or PUSCH has individual/separate TB(s) and each PDSCH/PUSCH is confined within a slot.
· FFS: The maximum number of PDSCHs or PUSCHs that can be scheduled with a single DCI
· FFS: Whether multiple PDSCH scheduling applies to 120 kHz in addition to 480 and 960 kHz
· At least for 120 kHz SCS, single-slot scheduling with slot-based monitoring will still be supported as specified in Rel-15/Rel-16
· The followings will not be considered in this WI.
· Single DCI to schedule both PDSCH(s) and PUSCH(s)
· Single DCI to schedule one or multiple TBs where any single TB can be mapped over multiple slots, where mapping is not by repetition
· Single DCI to schedule N TBs (N>1) where a TB can be repeated over multiple slots (or mini-slots)
· Note: This does not imply that existing slot aggregation and/or repetition for PDSCH and PUSCH by single DCI is precluded for the serving cell.


For the first FFS point regarding the maximum number of PDSCHs or PUSCHs that can be scheduled with a single DCI, we suggest at least 8 PDSCHs or PUSCHs considering that Rel-16 multi-PUSCH DCI supports scheduling up to 8 PUSCHs.
For the second FFS point regarding the applicability of multi-PDSCH DCI to 120 kHz, it would be preferable to apply multi-PDSCH scheduling DCI to all SCSs including 480 and 960 kHz, considering the usefulness of multi-PDSCH scheduling DCI in terms of DCI overhead reduction.

Proposal #1: The maximum number of PDSCHs or PUSCHs that can be scheduled with a single DCI in Rel-17 is no less than 8.
Proposal #2: Apply scheduling multiple PDSCHs by single DL DCI to all SCSs including 480 and 960 kHz.

· Multi-PUSCH scheduling with a single UL DCI
	Agreement:
The multi-PUSCH scheduling defined in Rel-16 NR-U is the baseline for multi-PUSCH scheduling in Rel-17.
· FFS: Applicability to multi-PDSCH scheduling. 

Agreement:
· For the multi-PUSCH scheduling in Rel-17, study the enhancement of the following in addition to Rel-16 multi-PUSCH scheduling.
· CBGTI: Whether or not CBG (re)transmission is supported when more than one PUSCHs are scheduled (Already supported when only one PUSCH is scheduled).
· CSI-request: Whether to apply same or different rule compared to Rel-16 (e.g., the PUSCH that carries the AP-CSI feedback is the first PUSCH that satisfies the multiplexing timeline).
· TDRA: Down-select among
· Alt 1: TDRA table is extended such that each row indicates up to [X, FFS for X] multiple PUSCHs (continuous in time-domain). Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is signalled by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.
· Alt 2: TDRA table is extended such that each row indicates up to [X, FFS for X] multiple PUSCHs (that can be non-continuous in time-domain). Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is signalled by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.
· Alt 3: TDRA table is extended such that each row indicates up to 8 multiple PUSCH groups (that can be non-continuous between PUSCH groups). Each PUSCH group has a separate SLIV, mapping type and number of slots/PUSCHs N. Within each PUSCH group, N PUSCHs occupy the same OFDM symbols indicated by the SLIV and mapping type. The number of scheduled PUSCHs is the sum of number of PUSCHs in all PUSCH groups in the row of the TDRA table signalled in DCI.
· FDRA: Whether/how to enhance FDRA e.g., by increasing RBG size or changing allocation granularity
· Frequency hopping: Whether/how to support frequency hopping for scheduled PUSCHs, e.g., inter-PUSCH/intra-PUSCH hopping
· URLLC related fields such as priority indicator and open-loop power control parameter set indication: Whether/how to apply URLLC related fields for scheduled PUSCHs
· Applicability to multi-PDSCH scheduling in Rel-17. 
· Note: Other enhancements are not precluded.



Based on the above agreements made in RAN1#104-e, the following enhancements can be considered.
· Time domain resource assignment (TDRA): Alt 2 is preferred considering resource allocation flexibility such as PDCCH transmission in between PUSCHs scheduled by a single DCI. In detail, a row index of TDRA table is signalled with {K2, SLIV, mapping type} for the first PUSCH and {D, SLIV, mapping type} for each of next PUSCH(s) where D corresponds to slot level gap between adjacent PUSCHs. For example, row index 0 can be signalled with {K2=1, SLIV#1, mapping type A}, {D=0, SLIV#2, mapping type B}, {D=2, SLIV#3, mapping type A}. In this case, if multi-PUSCH scheduling UL DCI indicates row index 0 in slot k, the 1st and 2nd PUSCHs will be transmitted in slot k+1 and the 3rd PUSCH will be transmitted in slot k+3.
· URLLC related fields such as priority indicator and/or open loop power control parameter set indication: Treating all of scheduled PUSCHs as high priority may lead to dropping multiple low priority UL channels. A simple way would be to apply indicated value(s) for URLLC related field(s) only to the first PUSCH and apply pre-defined value (e.g., low priority) to the remaining PUSCH(s), if any.

For FDRA field (if enhancement is supported), DCI overhead reduction can be considered by increasing RBG size for RA type 0 or changing allocation granularity for RIV based RA type 1, only if more than one PUSCHs are scheduled.

Proposal #3: For the multi-PUSCH scheduling in Rel-17, at least consider the following enhancements.
· TDRA: Alt 2 (as per the previous agreement made in RAN1#104-e). In detail, a row index of TDRA table is signalled with {K2, SLIV, mapping type} for the first PUSCH and {D, SLIV, mapping type} for each of next PUSCH(s) where D corresponds to slot level gap between adjacent PUSCHs.
· URLLC related fields such as priority indicator and/or open loop power control parameter set indication: Apply indicated value(s) only to the first PUSCH and apply pre-defined value (e.g., low priority) to the remaining PUSCH(s), if any.

· Multi-PDSCH scheduling with a single DL DCI
On the aspect of whether new DCI format is needed or not as multi-PDSCH scheduling DCI, one of legacy non-fallback DCI format would be sufficient, similar to multi-PUSCH scheduling DCI. Therefore, without introducing new DCI format, DCI format 1_1 is used for scheduling multiple PDSCHs by a single DCI.

Proposal #4: Do not introduce new DCI format and use DCI format 1_1 to schedule multiple PDSCHs with a single DCI.

For the details of each DCI field, the similar approach with multi-PUSCH scheduling DCI can be applied at least to the following fields:
· Time domain resource assignment (TDRA): Similar to multi-PUSCH scheduling DCI case, discontinuous PDSCH allocation should be supported. In detail, a row index of TDRA table is signalled with {K0, SLIV, mapping type} for the first PDSCH and {D, SLIV, mapping type} for each of next PDSCH(s) where D corresponds to slot level gap between adjacent PDSCHs. For example, row index 0 can be signalled with {K0=0, SLIV#1, mapping type A}, {D=0, SLIV#2, mapping type B}, {D=2, SLIV#3, mapping type A}. In this case, if multi-PDSCH scheduling DL DCI indicates row index 0 in slot k, the 1st and 2nd PDSCHs will be transmitted in slot k and the 3rd PDSCH will be transmitted in slot k+2.
· NDI: For 1-TB case, similar to Rel-16 multi-PUSCH scheduling case, separate indication per PDSCH. For 2-TB case, NDI per TB for up to N-scheduled PDSCHs and TB-common NDI for more than N-scheduled PDSCHs (e.g., N=1) can be considered.
· RV: For 1-TB case, similar to Rel-16 multi-PUSCH scheduling case, separate indication per PDSCH, but 1 bit RV per PDSCH if multiple PDSCHs are scheduled. For 2-TB case, 2 (or 1) bit RV per TB for up to N-scheduled PDSCHs and TB-common 2 (or 1) bit RV for more than N-scheduled PDSCHs (e.g., N=1) can be considered.
· HARQ process number: HARQ process ID is incremented by 1 (staring from the HARQ ID value indicated in DCI) for subsequent PDSCHs in the scheduled order (with modulo operation, if needed).
· CBGTI: CBGTI field is not present when more than one PDSCHs are scheduled, but present when a single PDSCH is scheduled.

In addition to above fields, further discussion on signalling methods for the followings is needed.
· Rate matching indicator and ZP-CSI-RS trigger: Whether to apply rate matching resource or ZP-CSI-RS to all or part of scheduled PDSCHs (e.g., the first PDSCH)
· CBGFI: Whether to apply similar method with CBGTI or not
· Priority indicator: Treating all of scheduled PDSCHs as high priority may lead to dropping multiple low priority DL channels. A simple way would be to apply indicated value for priority indicator field only to the first PDSCH and apply pre-defined value (e.g., low priority) to the remaining PDSCH(s), if any.

Proposal #5: For multi-PDSCH scheduling with a single DCI,
· TDRA: (Similar to multi-PUSCH scheduling) A row index of TDRA table is signalled with {K0, SLIV, mapping type} for the first PDSCH and {D, SLIV, mapping type} for each of next PDSCH(s) where D corresponds to slot level gap between adjacent PDSCHs.
· NDI and RV: For 1-TB case, separate indication per PDSCH, but 1 bit RV per PDSCH if multiple PDSCHs are scheduled
· FFS for 2-TB case
· HARQ process number: HARQ process ID is incremented by 1 (staring from the HARQ ID value indicated in DCI) for subsequent PDSCHs in the scheduled order (with modulo operation, if needed).
· CBGTI: CBGTI field is not present when more than one PDSCHs are scheduled, but present when a single PDSCH is scheduled.
· FFS on the following fields
· Rate matching indicator
· ZP-CSI-RS trigger
· CBGFI
· Priority indicator

· HARQ operation
For type-1 (i.e., semi-static) HARQ-ACK codebook construction, it should be considered that a row index of TDRA table can correspond to multiple SLIVs over multiple slots. In the simple example as shown in Figure 1, it is assumed that TDRA table is configured with a single row index 0 that corresponds to two SLIVs each of which would be mapped in different slots, and HARQ-ACK feedback timing (i.e., K1 slots) is provided with a single value, i.e., K1=2. For this case, the current type-1 HARQ-ACK codebook that will be contained in slot N PUCCH may be constructed with HARQ-ACK bit only for PDSCH#2 (corresponding to the configured K1 value) and not include HARQ-ACK bit for PDSCH#1 if K1 is determined based on the last slot N-2 PDSCH#2 since the slot with PDSCH#1 doesn’t correspond to the configured K1 value. Therefore, it should be discussed how to include HARQ-ACK bits corresponding to the PDSCH occasions (scheduled by multi-PDSCH scheduling DCI) not corresponding to the configured K1 value.
To resolve the problem, it can be assumed that each SLIV value can be individually scheduled with separate row index (e.g., in Figure 1, row index 0 with {S=1,L=13} and row index 1 with {S=0,L=14}), then K1 set is re-produced, namely, K1_union (e.g., in Figure 1, K1={2} and K1_union={2,3}). Pseudo code generating type-1 HARQ-ACK codebook specified in TS 38.213 can be applied with each row index (e.g., in Figure 1, for row index 0 and 1, separately) and associated K1 value in K1_union.
Alternatively, M HARQ-ACK bits (e.g., M={# maximum scheduled PDSCHs} – 1) can be appended to HARQ-ACK payload allocated for each candidate DL slot corresponding to a K1 value in the original K1 set (not K1_union).
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Figure 1. Example of type-1 HARQ-ACK codebook construction

Proposal #6: It should be discussed how to construct type-1 (i.e., semi-static) HARQ-ACK codebook, in term of including/generating HARQ-ACK bits corresponding to multiple SLIVs over multiple slots configured in a row index of TDRA table.

	Agreement:
For generating type-2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, the following alternatives can be considered to DAI counting and will be down-selected in RAN1#104bis-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, …).
· FFS: Codebook generation details
· FFS: How to signal DAI values (e.g., increase of DAI bits for Alt 2 and Alt 3)
· FFS: Whether to apply time domain bundling of HARQ-ACK feedback



Based on the above agreements for type-2 HARQ-ACK codebook, each alternative can be compared in terms of DCI and UCI overhead, as follows:
· Alt 1 with single codebook
· C/T-DAI in DL DCI: Same with legacy single-PDSCH DCI
· T-DAI in UL DCI: Same with legacy single-PUSCH DCI
· HARQ-ACK payload: Highly increased, # HARQ-ACK bits corresponding to each DAI equal to # of max. configured number of PDSCHs
· Alt 1 with two sub-codebooks (first sub-codebook is for single PDSCH scheduling case and second sub-codebook is for multi-PDSCH scheduling case, similar to CBG-based PDSCH handling)
· C/T-DAI in DL DCI: Same with legacy single-PDSCH DCI
· T-DAI in UL DCI: Need additional UL DAI field (with same bit-width of legacy UL DAI) for multi-PDSCH DCI, for all serving cells including one not configured with multi-PDSCH DCI
· HARQ-ACK payload: Increased, but less than Alt 1 with single codebook, # HARQ-ACK bits corresponding to each DAI of second sub-codebook equal to # of max. configured number of PDSCHs
· Alt 2 with single codebook
· C/T-DAI in DL DCI: Bit-width increased, not only for multi-PDSCH DCI but also for single-PDSCH DCI for all serving cells including one not configured with multi-PDSCH DCI
· T-DAI in UL DCI: Bit-width increased, not only for multi-PDSCH DCI but also for single-PDSCH DCI for all serving cells including one not configured with multi-PDSCH DCI
· HARQ-ACK payload: Same with legacy case of single-PDSCH DCI
· Alt 2 with two sub-codebooks (first sub-codebook is for single PDSCH scheduling case and second sub-codebook is for multi-PDSCH scheduling case, similar to CBG-based PDSCH handling)
· C/T-DAI in DL DCI: Bit-width increased, for multi-PDSCH DCI but not for single-PDSCH DCI
· T-DAI in UL DCI: Need additional UL DAI field (with increased bit-width compared to legacy UL DAI) for multi-PDSCH DCI, for all serving cells including one not configured with multi-PDSCH DCI
· HARQ-ACK payload: Same with legacy case of single-PDSCH DCI
· Alt 3
· If M=# of max. configured number of PDSCHs, same with Alt 1. Else if M=1, same with Alt 2. Specification should support other M values in addition to Alts 1 and 2. In addition, new RRC parameter to configure M needs to be introduced.

Observation #1: For generating type-2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, if single codebook is constructed and DAI is counted per DCI (i.e., Alt 1 with single codebook), DCI overhead can be kept as before but UCI overhead can be highly increased.
Observation #2: For generating type-2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, if single codebook is constructed and DAI is counted per PDSCH (i.e., Alt 2 with single codebook), UCI overhead can be kept as before but DCI overhead can be highly increased. It should be noted that bit-width of C/T-DAI in DL fallback DCI (i.e., DCI format 1_0) should be also increased.
Observation #3: Large amount of specification impact can be anticipated for Alt 3, compared to Alts 1 and 2.

From above analyses and observations, only the following alternatives can be considered, taking into account reasonable range of DCI and UCI overhead increase.
· Alt 1-1: Alt 1 with two sub-codebooks
· Alt 2-1: Alt 2 with two sub-codebooks
· where first sub-codebook is for single PDSCH scheduling case and second sub-codebook is for multi-PDSCH scheduling case
For Alt 1-1, if CBG is additionally configured, three individual sub-codebooks can be considered, e.g., where first sub-codebook is for TB-based PDSCH scheduling case, second sub-codebook is for CBG-based PDSCH scheduling case, and third sub-codebook is for multi-PDSCH scheduling case. Alternatively, two individual sub-codebooks can be considered, e.g., where first sub-codebook is for TB-based PDSCH scheduling case and second sub-codebook is for CBG-based PDSCH scheduling and multi-PDSCH scheduling cases.
For Alt 2-1, increased bit-width of each DAI field can be equal to 2 + log2(ceiling of max. configured number of PDSCHs across carriers). If CBG is additionally configured, three individual sub-codebooks can be considered, e.g., where first sub-codebook is for TB-based PDSCH scheduling case, second sub-codebook is for CBG-based PDSCH scheduling case, and third sub-codebook is for multi-PDSCH scheduling case.
As to introduction of time bundling operation, if its motivation is to consider channel correlation in time domain, time bundling window (in which HARQ-ACK bits can be bundled) should not be dependent of how many PDSCHs are scheduled, but dependent of the absolute time of scheduled PDSCHs. For instance, if time duration spanned by scheduled PDSCHs is shorter than N slots, 1 bit is generated, otherwise, 2 bits are generated. In addition, if time bundling operation is introduced for type-2 HARQ-ACK codebook, it should also be considered for type-1 HARQ-ACK codebook.

Proposal #7: For (enhanced) type-2 HARQ-ACK codebook,
· Alt 1: C-DAI/T-DAI is counted per DCI
· Alt 2: C-DAI/T-DAI is counted per PDSCH. Increased bit-width of each DAI field can be equal to 2 + log2(ceiling of max. configured number of PDSCHs across carriers)
· Introduce independent sub-codebooks where one is for single PDSCH scheduling case and the other is for multi-PDSCH scheduling case
· Perform C-DAI and T-DAI counting per each sub-codebook
· Include individual UL DAI for each sub-codebook in UL grant
· FFS: If CBG is configured

3. PT-RS enhancements

	Agreement:
· At least existing PTRS design for CP-OFDM is supported for NR operation in 52.6 to 71 GHz.
· Companies are encouraged to study the need of potential PTRS enhancement for CP-OFDM with respect to phase noise compensation performance considering at least the following aspects:
· PTRS density/pattern (e.g. distributed, block-based) and sequence (e.g. cyclic sequence)
· Frequency domain power boosting and its impact to PDSCH performance and PDSCH to DMRS EPRE
· Receiver complexity, including possible aspects related to supporting both existing PTRS design and potential PTRS enhancement
· Possible specification impact of supporting potential PTRS enhancement in addition to existing PTRS design
· Note: PTRS overhead should be accounted for in the evaluations, e.g. by showing spectral efficiency results and/or reporting effective coding rate
· Note: the decision to support potential enhanced PTRS design in addition to existing PTRS design will be made based on performance benefit, receiver complexity and specification effort aspects of enhanced PTRS design together and not purely on the considerations of the specification effort caused by supporting potential enhanced PTRS design in addition to existing PTRS design.

Agreement:
Companies are encouraged to study at least the following aspects for potential PTRS enhancement for DFT-s-OFDM for NR operation in 52.6 to 71 GHz
· The need of potential PTRS enhancement
· PTRS pattern with more PTRS groups within one DFT-s-OFDM symbol when a large number of PRBs is scheduled



In this section, we discuss the need for PT-RS enhancement in FR-X, along with some LLS results from our companion paper [5], where the evaluation assumptions and the details of the presented curves in Figure 2, Figure 3 and Figure 4 can also be found. 
At first, for all considered SCS values, the difference between ideal cases (no PN or ideal filter estimation) and simple LS ICI compensation based on Rel-15 PT-RS with appropriately selected PT-RS density and filter size is well within 1 dB. This means that any further improvement, either by advanced estimation algorithms (e.g., MMSE) or by enhanced PT-RS pattern will be within this 1 dB, and most likely, much less. As an example, PT-RS pattern with nulling in Figure 3 and Figure 4 provides stable, but not very large improvement in comparison with Rel-15 PT-RS pattern, but in case of higher MCS(e.g., MCS 28) and may provide improvement up to 0.2 - 0.3 dB. These results pose a very strong limitation for further improvement of the phase noise compensation, either by advanced estimation algorithms or by corresponding PT-RS enhancements.
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Figure 2. BLER performance with different PN compensation (120 kHz SCS)
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Figure 3. BLER performance with different PN compensation (480 kHz SCS)
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Figure 4. BLER performance with different PN compensation (960 kHz SCS)

[bookmark: _GoBack]Proposal #8: Retain the existing distributed PT-RS structure for all SCS in FR-X. It seems that further improvement either by advanced estimation algorithms or by new PT-RS pattern cannot achieve a noticeable improvements. 

Next, in Figure 5 and Figure 6, we can observe that there may be a room for performance improvement as BW (or allocated RB) increases. For 800 MHz, SCS 480 (128 RB total), BLER performances have no difference between for K = 4 and for K =6, but with further increase of the allocation size, K=6 becomes more efficient due to reduced overhead. For very large allocations with considered BW 1200 MHz, the extension of the allowed PT-RS density values to 6 may improve the performance due to overhead reduction. It is recommended to extend the set of allowed PT-RS density parameter values to K = 2, 4 or 6.
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Figure 5. BLER performance for large RB allocation (BW=800 MHz)
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Figure 6. BLER performance for large RB allocation (BW=1200 MHz)

Proposal #9: Consider to introduce new K values more than 4 to achieve the additional enhancements from large RB allocation.


4. DM-RS enhancements

	Agreement:
· Existing DMRS patterns are supported for NR operation in 52.6 to 71 GHz with 120 kHz SCS.
· At least existing DMRS patterns are supported for NR operation in 52.6 to 71 GHz with 480 kHz and/or 960 kHz SCS
· Further study on whether to introduce different DMRS pattern with increased frequency domain density (in number of subcarriers) than the existing DMRS patterns for NR operation in 52.6 to 71 GHz with 480 kHz and/or 960 kHz SCS
· Further study on whether and how to restrict DMRS port configuration (e.g., the number of DMRS ports) as in FR2 for NR operation in 52.6 to 71 GHz with 480 kHz and/or 960 kHz SCS

Agreement:
Further study on at least the following aspects of potential DMRS enhancement with respect to FD-OCC:
· whether to support a configuration of DMRS in which FD-OCC is not applied for 480 kHz and 960 kHz SCS
· Applicability to Type-1 and/or Type-2 DMRS
· Details on whether and how to indicate that FD-OCC is not applied to DMRS port
· Impact to UE multiplexing capacity and inter-UE interference in MU-MIMO 



In FR-X, the effect of phase noise on PDSCH/PUSCH reception is seriously negative, and for this reason, it may be necessary to use PT-RS for all SCSs. Not to mention the need for PT-RS for 120 kHz SCS, it seems necessary for high SCS such as 960 kHz, at least to compensate CPE. On the other hand, the current specifications do not allow some DM-RS ports to be configured at the same time as the PT-RS (e.g., for PDSCH reception, any DM-RS ports among 1004-1007 or 1006-1011 for DMRS type-1 or type-2). Therefore, when using PT-RS, the UE does not expect an index that contains these ports from the Table which is associated to the antenna port field in DCI (e.g., values 16-19, 22, 23 in Figure 7). It may be beneficial to study how these unused indexes can be reused for high SCS in FR-X when PT-RS is transmitted to UE.
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Figure 7. Values (in yellow) that are not used simultaneously with PT-RS among values for antenna port field in DCI (partially excerpted from Table 7.3.1.2.2-2 in 38.212)

If the coherence bandwidth of the channel is less than DM-RS spacing, the orthogonality with DM-RS port to which FD-OCC is applied would be broken and the channel estimation accuracy would be degraded. In this reason, FD-OCC should be disabled and the details on how to indicate that FD-OCC is not applied to DM-RS ports should be specified at least for high SCS such as 960 kHz. Currently, TD-OCC is not applied to DM-RS ports when PT-RS is transmitted to UE. With the similar way, FD-OCC will be not applied to DM-RS ports without a separate DCI indication. For example, when PDSCH is transmitted with high MCS in FR-X channel with large delay spread, PT-RS should be transmitted together. If high SCS is also configured to this PDSCH, the reception performance may be degraded due to FD-OCC and turning FD-OCC off may be required. In this case, with combinations of configured SCS, MCS and PT-RS, whether FD-OCC is on or off can be indicated to UE. As an additional method indicating FD-OCC turned-off implicitly, the unused value of antenna port field explained above can be reused for this purpose.

Proposal #10: DM-RS configuration without FD-OCC should be supported for high SCS.

Proposal #11: Further study on how to indicate implicitly that FD-OCC is not applied to DM-RS port is required.

5. Time-line related aspects for 480 kHz and 960 kHz SCSs

	Agreement:
· RAN1 use the absolute time duration for 120 kHz SCS as the upper bound for the discussion of UE processing timelines (not related to PDCCH monitoring) for 480 kHz and 960 kHz SCS for NR operation in 52.6 to 71 GHz
· RAN1 strives to reduce the absolute time durations from the upper bound if feasible
· FFS: How to derive timeline values
· Case by case study
· FFS: model-based approach for selected timelines, e.g. exponential models, projection based on log-linear regression, etc.

Agreement:
Further study at least the following aspects of timelines to support both single PDSCH/PUSCH and multi-PDSCH/PUSCH scheduling for NR operation in 52.6 GHz to 71 GHz. 
· Time unit and applicability to selected timelines
· Value and/or range of value
· Potential impact on UE capability

Agreement:
· The following UE processing timelines are prioritized for discussion
· PDSCH processing time (N1), PUSCH preparation time (N2), HARQ-ACK multiplexing timeline (N3)
· configuration(s)/default values of k0 (PDSCH), k1 (HARQ), k2 (PUSCH)
· CSI processing time, Z1, Z2, and Z3, and CSI processing units
· Note: the order of the above sub-bullets represents the priority for discussion in descending order
· Companies are encouraged to provide preferred values/ranges of timelines for discussion

Agreement: 
FFS: The need for enhancements and standardization, of the following additional processing timelines:
· UE PDSCH reception preparation time with cross carrier scheduling with different subcarrier spacings for PDCCH and PDSCH
· SRS, PUCCH, PUSCH, PRACH cancellation with dynamic SFI
· ZP CSI Resource set activation/deactivation
· Application delay of the minimum scheduling offset restriction
· timing aspects related to cross carrier operation



Some timeline aspects, e.g., k0/k1/k2, were prioritized for discussion as agreement above. We discuss and provide our views on how to determine the value ranges for such timeline aspects to flexibly support both single- and multi-PDSCH/PUSCH scheduling with high SCS such as 480 kHz or 960 kHz. In addition, the potential enhancement to CPU availability check are discussed. 

· Additional time margin for PDSCH processing capability (i.e., N1 symbols)
The effect of phase noise to PDSCH reception could be seriously negative and ICI compensation might be necessary for performance enhancement in FR-X. Especially, PDSCH reception performance using high MCS for 120 kHz SCS may be seriously deteriorated, and thus the UE would have to compensate for ICI with the help of, for example, de-ICI filtering. Due to the use of additional signal processing in UE for ICI mitigation, additional time margin would be required to timeline requirement for PDSCH processing and HARQ-ACK preparation. In this regard, whether ICI mitigation is required or not may be determined according to the SCS configured for UE. For instance, in the case of a 120 kHz SCS, ICI compensation is required, and in the case of a 960 kHz SCS, it may not be necessary. Similarly, for the MCS, the amount of signal processing required by the receiver may be different depending on the case of QPSK/16QAM and the case of using an MCS of 64QAM or higher. For this reason, it should be investigated that the time required for PDSCH processing for ICI compensation requires an additional time margin. 

Proposal #12: Consider additional UE PDSCH processing procedure time (i.e., N1 symbols) when UE is required to perform both of CPE and ICI compensation, e.g., for 120 kHz SCS and 64 QAM. 

· Time unit and value ranges for k0/k1/k2
For high SCS newly introduced in FR-X, PDCCH/PDSCH processing or PUSCH preparation in a shortened slot duration may become a burden to UE. The candidate values supported in current specification for k0, k1 and k2, may not be sufficient to meet UE processing capability with high SCS. Moreover, it may be needed to increase the range of k0/k1/k2 values by RRC/DCI in order to support both single-PDSCH/PUSCH scheduling and multi-PDSCH/PUSCH scheduling flexibly. Therefore, value range of k0/k1/k2 should be revisited for high SCS. One direction would be defining new time unit for them with multi-slot granularity. It may be considered to define a slot-group consisting of M slots and interpret k0/k1/k2 as multiplied by M from the value configured/indicated by RRC or DCI. M can be determined separately according to each SCS. For example, for 480 kHz or 960 kHz, M may be determined to be 4 or 8 to align with the slot duration for 120 kHz. 

Proposal #13: Indicated (or configured) value(s) for k0/k1/k2 can be interpreted as multiplied by M where M denotes the number of slots in a slot-group (if configured).

Another direction can be adopting the offset to the currently supported values. With the same time unit for k0/k1/k2, the increased range of values can be achieved by adding the offset to the indicated k0/k1/k2 values. For example, N1-dependent value may be added to the indicated k1 as an offset.	For large SCS (e.g., 960 kHz), PDSCH processing in a few slots could be burden to UE. Currently, N1 for 120 kHz can be 20 or 24 symbols and moreover for 480 kHz or 960 kHz SCS, if defined, this could be much larger than that for 120 kHz. In this case, small k1 values would rarely be configured when UE has a large N1. It is obviously an inefficient way to use of limited number of k1 values. Simple solution to this is adding N1-dependant offset such as  to the indicated k1. With such offset, while maintaining the indicating overhead for k1, it is possible to substitute a value with a low probability of use with a realistic value considering N1. In addition, same offset can be adopted to adjust the value range of PDSCH-to-HARQ_feedback timing indicator field in DCI. Without any changes in DCI field, UE may be indicated a more practical PDSCH processing time with respect to large N1. The same approach can be also applicable to k2 which can be adjusted based on increased N2 value for 480 kHz or 960 kHz SCS. For k0, slot offset can be considered especially when cross-carrier scheduling between different numerologies for PDCCH and PDSCH is configured.

Proposal #14: The configuration and default value of k1 (or PDSCH-to-HARQ_feedback), should be adjusted to practical value considering the increased N1.
Proposal #15: The configuration and default value of k2 should be adjusted to practical value considering the increased N2.
Proposal #16: The configuration and default value of k0 should be adjusted to practical value considering the UE PDSCH reception preparation time with cross carrier scheduling with different numerologies for PDCCH and PDSCH.

In addition, it is also worth considering how to determine k0 and k1 in conjunction with each other. To ensure scheduling flexibility for multi-PDSCH scheduling by single DCI with high SCS, value ranges of k0 and k1 needs to be increased. However, in the case where the UL slot is semi-statically determined such as UL/DL TDD configuration, k0 and k1 may not need to be configured with large value at the same time. In this case, the range of the required k0 value can be determined based on the indicated k1 value. In other words, it can be beneficial to determine the offsets to be applied to k0 and k1 taking into account the dependencies between each other. For instance, smaller offset to k1 can be applied if larger values of k0 are indicated, vice versa. 

Proposal #17: Consider the dependence of each other when determining the value range of k0 and k1. 

· CSI processing unit (CPU) availability check for multiple numerologies across active BWPs in different component carriers
High SCSs 480 kHz and 960 kHz may also cause problems to check the CPU occupancy in unit of symbol. Given these shortened symbol lengths, symbol-group level processing instead of symbol-by-symbol processing could be beneficial with respect to simplified UE implementation and potential power consumption reduction. 
When a UE is configured to process CSI reports, each report is allocated to one or multiple available CPU(s). If there are not enough CPUs available due to that the UE is already processing other CSI reports, the CSI reporting for which required CPUs are not allocated does not have to be calculated/updated by the UE. In addition, if a UE is configured to process multiple CSI reports with different numerologies, the processing time would be different depending up on the corresponding numerologies for each CSI report. In other words, CPU occupancy time for high SCS such as 960 kHz is relatively shorter than that of low SCS like 120 kHz. If multiple CSI reports are configured with multiple SCSs, the chance for high SCS to get available CPU at the time of checking unoccupied CPU may be less than that for low SCS. For instance, when all of CPUs are occupied for several symbol duration (in unit of symbol duration for 120 kHz) by CSI report processing for 120 kHz SCS, CSI report for 960 kHz SCS may not occupy CPUs for a long time (in unit of symbol duration for 960 kHz) although the required CPU processing time for 960 kHz SCS is relatively very short. Conversely, CPU available check for 120 kHz SCS may be dropped if all of CPUs are occupied by CSI processing for 960 kHz. In this case, the next CPU availability check for 120 kHz SCS should be postponed until its own symbol boundary even if CPUs are no longer occupied by 960 kHz SCS. This is an inefficient management for limited CPU resources and seems to need improvement. 
To address these inefficient scenarios for checking CPU availability, potential enhancement for CPU management may be needed for the case of multiple numerologies across multiple BWPs. One simple solution for that is use of reference SCS for all CPU availability check regardless of actual SCS. Reference SCS can be the lower SCS than the configured SCS, especially when high SCS is configured for UE. Similarly, it can be considered that symbol-group can be used as a time unit for CPU availability check. For example, by using 8 symbol duration for 960 kHz as a time unit for CPU check, the use of the common time unit for CPU check is possible for both 960 kHz and 120 kHz SCSs. In addition, giving priority for CPU occupancy according to the CSI report type and associated SCS can be considered to address these situations. 

Proposal #18: Consider CSI processing timeline enhancements for better availability for CPUs for multiple CSI reports associated with different numerologies. 



6. Conclusions
In this contribution, maximum bandwidth for 480 kHz and 960 kHz SCSs, multi-PDSCH/PUSCH scheduling, reference signals including PT-RS, and time line related aspects adapted to each of 480 kHz and 960 kHz SCSs, to support NR in high frequency range (FR-X) from 52.6 GHz to 71 GHz were discussed.  The derived proposals and observations are as follows, 

Proposal #1: The maximum number of PDSCHs or PUSCHs that can be scheduled with a single DCI in Rel-17 is no less than 8.

Proposal #2: Apply scheduling multiple PDSCHs by single DL DCI to all SCSs including 480 and 960 kHz.

Proposal #3: For the multi-PUSCH scheduling in Rel-17, at least consider the following enhancements.
· TDRA: Alt 2 (as per the previous agreement made in RAN1#104-e). In detail, a row index of TDRA table is signalled with {K2, SLIV, mapping type} for the first PUSCH and {D, SLIV, mapping type} for each of next PUSCH(s) where D corresponds to slot level gap between adjacent PUSCHs.
· URLLC related fields such as priority indicator and/or open loop power control parameter set indication: Apply indicated value(s) only to the first PUSCH and apply pre-defined value (e.g., low priority) to the remaining PUSCH(s), if any.

Proposal #4: Do not introduce new DCI format and use DCI format 1_1 to schedule multiple PDSCHs with a single DCI.

Proposal #5: For multi-PDSCH scheduling with a single DCI,
· TDRA: (Similar to multi-PUSCH scheduling) A row index of TDRA table is signalled with {K0, SLIV, mapping type} for the first PDSCH and {D, SLIV, mapping type} for each of next PDSCH(s) where D corresponds to slot level gap between adjacent PDSCHs.
· NDI and RV: For 1-TB case, separate indication per PDSCH, but 1 bit RV per PDSCH if multiple PDSCHs are scheduled
· FFS for 2-TB case
· HARQ process number: HARQ process ID is incremented by 1 (staring from the HARQ ID value indicated in DCI) for subsequent PDSCHs in the scheduled order (with modulo operation, if needed).
· CBGTI: CBGTI field is not present when more than one PDSCHs are scheduled, but present when a single PDSCH is scheduled.
· FFS on the following fields
· Rate matching indicator
· ZP-CSI-RS trigger
· CBGFI
· Priority indicator

Proposal #6: It should be discussed how to construct type-1 (i.e., semi-static) HARQ-ACK codebook, in term of including/generating HARQ-ACK bits corresponding to multiple SLIVs over multiple slots configured in a row index of TDRA table.

Observation #1: For generating type-2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, if single codebook is constructed and DAI is counted per DCI (i.e., Alt 1 with single codebook), DCI overhead can be kept as before but UCI overhead can be highly increased.

Observation #2: For generating type-2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, if single codebook is constructed and DAI is counted per PDSCH (i.e., Alt 2 with single codebook), UCI overhead can be kept as before but DCI overhead can be highly increased. It should be noted that bit-width of C/T-DAI in DL fallback DCI (i.e., DCI format 1_0) should be also increased.

Observation #3: Large amount of specification impact can be anticipated for Alt 3, compared to Alts 1 and 2.

Proposal #7: For (enhanced) type-2 HARQ-ACK codebook,
· Alt 1: C-DAI/T-DAI is counted per DCI
· Alt 2: C-DAI/T-DAI is counted per PDSCH. Increased bit-width of each DAI field can be equal to 2 + log2(ceiling of max. configured number of PDSCHs across carriers)
· Introduce independent sub-codebooks where one is for single PDSCH scheduling case and the other is for multi-PDSCH scheduling case
· Perform C-DAI and T-DAI counting per each sub-codebook
· Include individual UL DAI for each sub-codebook in UL grant
· FFS: If CBG is configured

Proposal #8: Do not support new PT-RS pattern for further enhancements. It seems that further improvement either by advanced estimation algorithms or by new PT-RS pattern cannot achieve a noticeable improvements for all SCS in FR-X. 

Proposal #9: Consider larger K than 4 to achieve the additional enhancements from large RB allocation.

Proposal #10: DM-RS configuration without FD-OCC should be supported for high SCS.

Proposal #11: Further study on how to indicate implicitly that FD-OCC is not applied to DM-RS port is required.

Proposal #12: Consider additional UE PDSCH processing procedure time (i.e., N1 symbols) when UE is required to perform both of CPE and ICI compensation, e.g., for 120 kHz SCS and 64 QAM. 

Proposal #13: Indicated (or configured) value(s) for k0/k1/k2 can be interpreted as multiplied by M where M denotes the number of slots in a slot-group (if configured).

Proposal #14: The configuration and default value of k1 (or PDSCH-to-HARQ_feedback), should be adjusted to practical value considering the increased N1.

Proposal #15: The configuration and default value of k2 should be adjusted to practical value considering the increased N2.

Proposal #16: The configuration and default value of k0 should be adjusted to practical value considering the UE PDSCH reception preparation time with cross carrier scheduling with different numerologies for PDCCH and PDSCH.

Proposal #17: Consider the dependence of each other when determining the value range of k0 and k1. 

Proposal #18: Consider CSI processing timeline enhancements for better availability for CPUs for multiple CSI reports associated with different numerologies. 
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