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Introduction
[bookmark: _Hlk75330915][bookmark: _Hlk510705081]The work item on supporting NR from 52.6 GHz to 71 GHz was approved at RAN#90-e (see a later revision in [1]). Before that 3GPP carried out a study on required changes to NR using existing DL/UL waveform to support operation between 52.6 GHz and 71GHz [1]. This contribution deals with the following objectives of the WID:
· [bookmark: _Hlk58583563]In addition to 120kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported.
· Time line related aspects adapted to 480kHz and 960kHz, e.g., BWP and beam switching timeing, HARQ timing, UE processing, preparation and computation timelines for PDSCH, PUSCH/SRS and CSI, respectively.
· Support enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI
· Evaluate, and if needed, specify the PTRS enhancement for 120kHz SCS, 480kHz SCS and/or 960kHz SCS, as well as DMRS enhancement for 480kHz SCS and/or 960kHz SCS. 

[bookmark: _Hlk79049376]Multi-PxSCH scheduling
2.1. The maximum number of TBs
The following working assumption and agreement related to multi-PxSCH were made in RAN1 #106:
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 PDSCHs

Agreement:
· The maximum number of PDSCHs/PUSCHs that can be scheduled with a single DCI in Rel-17 is 8 for SCS of 120, 480 and 960 kHz.
· FFS: Whether UE capability is introduced for restricting the maximum number of PDSCHs or PUSCHs that can be scheduled with a single DCI

We think that multi-PDSCH scheduling for 120 kHz SCS should cover not only for FR2-2, but also for FR2-1. The specification impact for supporting this option would be very small. At the same time, multi-PDSCH scheduling can provide new opportunities e.g. for UE power saving (such as less frequent PDCCH monitoring).
For the FFS points, we think that there is no need to introduce UE capability for restricting the maximum number of PDSCHs or PUSCHs that can be scheduled with a single DCI. This would just fragment the market, and complicate the scheduler operation. Based on that, we make the following proposal.
 
[bookmark: _Hlk79048467]Proposal 1: All Rel-17 UEs supporting 120, 480 or 960 kHz SCS can be scheduled for up-to 8 PDSCHs/PUSCHs with a single DCI.  



2.2. TDRA enhancements 
The following agreement related to TDRA was made in RAN1 #106:
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.
The remaining issue relates to definition the maximum gap between scheduled PDSCHs/PUSCHs. There are two approaches:
· No additional impact on specification
· Maximum gap needs to be specified
We think that the maximum gap between scheduled PDSCHs/PUSCH does not require additional impact on specification. The supported values for the scheduling offset k0 (or k2) will create some restrictions in any case. This will be enough.  

Proposal 2: The maximum gap between scheduled PDSCHs/PUSCH does not require additional impact on specification

The following agreement related to invalid slots(s) was made in RAN1 #106:
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.

For the FFS point, we propose to follow the Rel-15/16 approach. This means that when the scheduled PDSCH/PUSCH collides with a flexible symbol the following rules are followed:
· DCI format 2_0 configured but SFI indicates 255: No dropping
· DCI Format 2_0 configured but not detected: Semi-persistent PDSCH/PUSCH is dropped, dynamically scheduled PDSCH/PUSCH is not dropped.  
· DCI Format 2_0 configured and detected: Semi-persistent PDSCH/PUSCH is dropped, dynamically scheduled PDSCH/PUSCH is not dropped  

Proposal 3: Follow Rel-15/16 rules when determining the invalid slot(s) for PDSCH/PUSCH dropping and the corresponding HARQ process number skipping.

2.3. DCI design for two CWs 
The following working assumption was made in RAN1 #106:
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


It can be noted that having two CWs with multi-slot PDSCH in FR2-2 is not a typical scenario:
· Single CW can support up-to four spatial layers.
· If rank>4 is needed, it might be enough to support it only according to slot-based operation.
On the other hand, given the fact that many companies see the value of rank>4 and supporting this feature is a UE capability, we don't see a need to introduce restrictions in the specifications. Based on that, we are ready to convert the working assumption to an agreement.
For the FFS points, we think that MCS/NDI/RV fields should be present in the DCI only in the cases when the RRC parameter configures that transmission with two CWs is enabled. We don’t see a need to optimize the signaling separately for scenarios with single and multiple PDSCHs.  
Proposal 4: For a DCI that can schedule multiple PDSCH, MCS/NDI/RV fields for the 2nd TB are present only if the RRC parameter indicates that two CW transmission is enabled
· The same RRC parameter adjusts MCS/NDI/RV fields for both single and multiple PDSCH scheduling
· The signalling details are up-to RAN2 to decide.
	
2.4 . Other multi-PxSCH enhacnements
We consider FDRA and frequency hopping enhancements as optimization. There seem to be lack of clear justification/problem behind those enhancements. 
· For example, the gain of increasing the RGB size is very limited. Furthermore, the allocation granularity reduces accordingly. 
· We expect that the scenario behind 480 kHz and 960 kHz is primarily high data rate and contiguous resource allocation. The gain of frequency hopping is very limited in this scenario (especially when considering inter PUSCH FH). 
· Based on NR-U discussions, companies seem to have common understanding that intra-slot frequency hopping is applicable to both single slot scheduling and multi slot scheduling in Rel-16. Hence, tt makes sense to reuse this functionality also for the new SCSs (including FR2-2).

[bookmark: _Hlk79048570]Proposal 5: For other multi-PxSCH enhancements:
· No FDRA enhancements for multi-PxSCH
· Intra-slot frequency hopping (if configured) applies to both single PUSCH and multiple PUSCH transmission.

HARQ-ACK feedback enhancements
HARQ-ACK feedback timing
During RAN1#104-e and RAN1#104bis-e HARQ-ACK feedback timing for multi-PDSCH DCIs was discussed. The following agreement was made in RAN1 #104-e:
Agreement:
· For a DCI scheduling multiple PDSCHs, HARQ-ACK information corresponding to PDSCHs scheduled by the DCI is multiplexed with a single PUCCH in a slot that is determined based on K1,
· where K1 (indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI or provided by dl-DataToUL-ACK if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI) indicates the slot offset between the slot of the last PDSCH scheduled by the DCI and the slot carrying the HARQ-ACK information corresponding to the scheduled PDSCHs.
· It is noted that granularity of K1 can be separately discussed.
· FFS: If needed, further discuss whether or not HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s)

It was left for further study whether the HARQ-ACK feedback for different PDSCHs of multi-PDSCH scheduling can be transmitted in different PUCCHs. One motivation for that was the risk of HARQ process starvation cutting down the achievable peak throughput. However, an agreement was reached on RAN1#106-e on UE processing times as well as on support of up to 32 HARQ processes at least for 480/960 kHz SCS. Despite of challengingly long UE processing times, the HARQ process starvation does not pose considerable risk for achievable peak throughput.

Transmission of multiple PUCCHs per single multi-PDSCH DCI can improve also overall HARQ latency, facilitating low latency traffic. However, sufficiently short latencies can be achieved with appropriate configuration of PDCCH monitoring occasions and scheduling of only few PDSCHs per DCI. Hence, we do not see latency improvement as a sufficient motivation for supporting multiple PUCCHs per single multi-PDSCH DCI with related specification efforts.    

[bookmark: _Hlk79048578]Proposal 6: Single transmission of HARQ feedback per multi-PDSCH DCI is only supported. 

Type 2 codebook enhancements
Type 2 HARQ-ACK codebook determination for multi-PDSCH scheduling has been considered in previous RAN1 meetings and in RAN1#106-e it was agreed that C-DAI/T-DAI are counted per DCI also when the DCI can schedule multiple PDSCHs. The agreed Alt 1 was clarified in RAN1#105-e with agreement:
Agreement:
If Alt 1 (C-DAI/T-DAI is counted per DCI) is adopted for generating type-2 HARQ-ACK codebook corresponding to a DCI that can schedule multiple PDSCHs, 
· At least two sub-codebooks are generated for a PUCCH cell group where 
· The first sub-codebook is for the following cases: 
· Any DCI that is not configured with CBG-based scheduling and is configured with TDRA table containing rows each with a single SLIV
· Any DCI that is not configured with CBG-based scheduling and is configured with TDRA table containing at least one row with multiple SLIVs and schedules only a single PDSCH
· The second sub-codebook is for the following case: 
· Any DCI that is configured with TDRA table containing at least one row with multiple SLIVs and schedules multiple PDSCHs 
· FFS: Methods (if needed) to align the size of HARQ-ACK feedback corresponding to different DCIs
· FFS: Whether HARQ-ACK bits for 2 PDSCHs scheduled by this DCI can be included in the first sub-codebook in some cases
· FFS: SPS PDSCH release, SCell dormancy indication without scheduled PDSCH
· FFS: 2 or 3 sub-codebooks if CBG is configured for a serving cell in the PUCCH cell group
· FFS: impact of time domain bundling, if supported, e.g., the number of sub-codebooks including single codebook if all A/N bits are bundled into a single bit per DCI

In the agreed design, separate sub-codebooks are used to reduce the overall codebook size. However, some issues related to the sub-codebooks remained open for further study:
· One open issue is the alignment of the size of HARQ-ACK feedback corresponding to different DCIs on the second sub-codebook containing HARQ-ACK for multi-PDSCH scheduling. There may be need for such alignment in the case that UE is configured with multiple serving cells each supporting multi-PDSCH scheduling with a different maximum number of PDSCHs schedulable by single DCI. This can be solved by using the maximum number of schedulable PDSCHs over all serving cells to determine the number of reported HARQ-ACKs per DAI increment.  
· We do not see any need to further optimise the design e.g. by allowing HARQ-ACK bits for 2 PDSCHs scheduled by the same DCI to be included in the first sub-codebook intended for single PDSCH per DCI scheduling. 
· SPS PDSCH release or SCell dormancy indication without scheduled PDSCH generate single HARQ-ACK bit, which should be reported on the first sub-codebook.

Proposal 7: HARQ-ACK for SPS PDSCH release or SCell dormancy indication without scheduled PDSCH generate is contained on the first sub-codebook.

One of the open aspects is the number of sub-codebooks that can be simultaneously supported. This relates to the situation where CBG-based scheduling is configured for a serving cell in the same PUCCH cell group as the cell supporting multi-PDSCH scheduling. In RAN1#106-e, following options were identified for down-selection in RAN1#106bis-e:

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.

In Option 1, HARQ-ACK feedback for both multi-PDSCH reception and CBG-based PDSCH reception form a joint sub-codebook. The number of generated HARQ-ACK bits can be different for multi-PDSCH and CGB-based reception. To avoid any ambiquity, the number of HARQ-ACK bits reported per DAI increment must be selected to be the maximum number of HARQ-ACK bits generated for multi-PDSCH reception or for CBG-based PDSCH reception. This leads to increased sub-codebook size. As a new codebook structure, it also involves additional complexity and specification effort.

In Option 2, increasing the number of sub-codebooks and independent DAI countings increases the risk that an error occurs in the determination of overall codebook, especially when one of the sub-codebooks contains HARQ-ACK feedback for only one DCI. It also increases the number of T-DAI fields in the UL DCI. On other hand, Option 2 is rather straightforward extension of Rel-16 NR already supporting a separate sub-codebook for CBG-based PDSCH reception. 

Option 3 is a straightforward solution but introduces some modest limitation to the configurations. However, this is not viable option if reception of single CBG-based PDSCH is supported with DCI supporting also multi-PDSCH reception.    

Proposal 8: HARQ-ACK bits for CBG-based PDSCH reception and HARQ-ACK bits for multi-PDSCH reception are contained in separate sub-codebooks if same DCI configuration can be used for scheduling both CBG-based PDSCH reception and multi-PDSCH reception. Otherwise, HARQ-ACK reporting for CBG-based scheduling and multi-PDSCH scheduling is not supported simultaneously.

Yet another open issue discussed is support for time domain bundling of HARQ feedback. When the time domain bundling is limited to PDSCHs scheduled by the same DCI, time domain bundling supports HARQ-ACK feedback compression without risk for new NACK/DTX-to-ACK error cases. In the case that all HARQ-ACK(s) are bundled into a single bit per DCI, there is no need for separate sub-codebooks for multi-PDSCH and single-PDSCH scheduling. Single sub-codebook is sufficient.     

[bookmark: _Hlk79048618]Proposal 9: Time domain bundling of HARQ-ACK feedback over PDSCHs scheduled by the same DCI is supported. In the case that all HARQ-ACK(s) are bundled into a single bit per DCI, single sub-codebook is used. 

Type 1 codebook enhancements
In RAN1#106-e, tt was noted as part of agreement that “the optimization of HARQ codebook size for Type 1 or Type 2 codebook design is considered as a low priority in Rel-17”. RAN1#105-e agreement on Type-1 codebook was also revised, resulting in following agreement (revisions are not marked below):  
Agreement: 
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
· [bookmark: _Hlk79088767]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

When considering the FFS point, time domain bundling can be attractive way to flexibly reduce CB size: the level of HARQ-ACK feedback compression can be adjusted by performing the bundling over HARQ-ACKs for M consecutive PDSCHs scheduled by the same DCI, where M is a configuration parameter. When the number of scheduled PDSCHs, L, is not multiple of M, the last bundling can be performed over the HARQ-ACKs for the remainder of L/M PDSCHs.  

Time domain bundling will necessary impact the CB determination. This can be achieved by modifying the rows of the configured TDRA table, and using the modified TDRA rows in the determination of the set of DL slots as well as in determination of the set of SLIVs corresponding to a DL slot. A TDRA row is modified by selecting SLIV(s) from that row corresponding to the number of bundled HARQ-ACK bit(s) and removing other SLIVs.   
· In the case that all HARQ-ACK(s) are bundled into a single bit per DCI, only one SLIV from each TDRA row is selected for the reported bit. When the last SLIV of the row is selected, the modified TDRA table used in the codebook determination reduces to the Rel-16 TDRA table with single SLIV per TDRA row. 
· This can be extended to the case when bundling is done over M PDSCHs producing multiple bundled HARQ-ACK bits per DCI. In case that the bundling produces N HARQ-ACK bits for a specific TDRA row, N last SLIVs of that row are reserved for the N bits. Other SLIVs on that TDRA row are removed. In other words, TDRA table is modified by removing all SLIVs except the last N SLIVs per row, and the modified TDRA table is then used to determine the set of DL slots. 
· This is illustrated in Fig. 4 for TDRA table with rows for 1, 2, 4, and 8 PDSCHs and K1 values {1, 2, 3, 4, 5}. Bundling is performed over up to 4 PDSCHs. It can be noted that bundling results CB size of 6, while CB size is 12 without bundling. Further, TDRA with single PDSCH scheduling and 5 K1 values results CB size of 5.   
· In case of time domain bundling, it is not sensible to apply pruning against UL symbols in tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated. 

[bookmark: _Hlk79048643]Proposal 10: For Type-1 codebook, configurable time domain bundling of HARQ-ACK feedback over M consecutive PDSCHs scheduled by the same DCI is supported. 
· Modified TDRA table is used in the codebook determination 
· TDRA rows are modified by keeping the last SLIV(s) of the row corresponding to the number of bundled HARQ-ACK bit(s) and removing other SLIVs from that row. 
[image: ]
Figure 1. HARQ-ACK time domain bundling over 4 PDSCHs in Type 1 codebook determination. 
Time line related aspects
The following agreements and a working assumption were made in RAN1#106.
Agreement:
For NR operation with 480 kHz and/or 960 kHz SCS, value(s) for PDSCH processing time (N1) for PDSCH processing capability 1 and PUSCH preparation time (N2) are to be defined for PDSCH/PUSCH timing capability 1 only.
Agreement:
For NR operation with 480 and 960 kHz SCS, adopt at least the values of N1, N2 and N3 as in the following tables for single and multi-PDSCH/PUSCH scheduling.
· Note: N1/N2 applies to any PDSCH/PUSCH for multi-PDSCH/PUSCH scheduling
· RAN1 to study (until RAN1#106b-e) and possibly introduce smaller values considering at least the following factors
· PDCCH monitoring capability
· Mix numerology scheduling
· Multi-PDSCH/PUSCH scheduling
· Cross-carrier scheduling
· Note: The decision for the number of HARQ processes should take this agreement into account.

Table 2-2.1 PDSCH processing time arrange for PDSCH processing capability 1
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB
	dmrs-AdditionalPosition ≠ pos0 in 
DMRS-DownlinkConfig in either of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB
or if the higher layer parameter is not configured

	3 (120 kHz)
	20
	24

	5 (480 kHz)
	80
		96

	6 (960 kHz)
	160
	192



Table 2-2.2 PUSCH preparation time for PUSCH timing capability 1
	

	PUSCH preparation time N2 [symbols]

	3 (120 kHz)
	36

	5 (480 kHz)
	144 

	6 (960 kHz)
	288



Table 2-2.3 Minimum gap between the second detected DCI and the beginning of the first PUCCH resources
	

	HARQ-ACK multiplexing timeline N3 [symbols]

	3 (120 kHz)
	20

	5 (480 kHz)
	80

	6 (960 kHz)
	160




Agreement:
For NR FR2-2 at least for 480/960 kHz SCS, support 32 as the maximum number of HARQ processes for DL and UL, subject to UE capability.
· Note: Up to 32 maximal supported HARQ process number is already agreed in Rel-17 NTN WI.
· Working assumption: The same solution to support up to 32 HARQ process number in Rel-17 NTN WI is reused for NR FR2-2.

It was agreed to study the processing times (until RAN1#106b-e) and possibly introduce smaller values considering at least the following factors:
· PDCCH monitoring capability
· Mix numerology scheduling
· Multi-PDSCH/PUSCH scheduling
· Cross-carrier scheduling.

Figure 2 shows the gNB processing times in a multi-PDSCH (a) and multi-PUSCH (b) scenarios based on the RAN1 #106 agreements. The example assumes 960 kHz SCS, N1=160, N2=288, PDCCH monitoring periodicity of 8 slots (X=8), and contiguous DL or UL transmission. The results show that in this scenario, gNB has only
· 112 symbols (i.e. 0.125us) available for UCI detection and PDSCH preparation including (re-)scheduling
· 42 symbols (i.e. 47us) available for PUSCH detection and (re-)scheduling. 
 
It can be noted that this is not enough for practical implementations. The situation could be improved to some extend by more frequent PDCCH monitoring. For example, with X=4, the gNB would have 56 symbols more (i.e. 4*14) for both multi-PDSCH and multi-PUSCH processing. Based on this example, we conclude that there is a need to introduce smaller values for UE processing times. In order to balance UE and gNB processing time requirements, we propose 30% reduction for N1, N2 and N3 with m= [5, 6], compared to values agreed in RAN1 #106e. This would mean the following values:
· N1 (dmrs-AdditionalPosition = pos0 in DMRS-DownlinkConfig in both of dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB):
· m=5:  80 à 56
· m=6:  160 à 112 
· N1 (dmrs-AdditionalPosition ≠ pos0 in DMRS-DownlinkConfig in either of dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB):
· m=5:  96 à 67
· m=6:  192 à 134 
· N2:
· m=5:  144 à 100
· m=6:  288 à 200 
· N3: 
· m=5:  80 à 56
· m=6:  160 à 112. 

[bookmark: _Hlk83904058]Observation 1: The processing times agreed in RAN1 #106 result in too tight processing times for gNB
· Increasing the PDCCH monitoring periodicity can alleviate the problem to some extend 
Proposal 11: For NR operation with 480 and 960 kHz SCS, introduce 30% smaller values of N1, N2 and N3 for single and multi-PDSCH/PUSCH scheduling for = [5, 6] (compared to values agreed in RAN1 #106e).
	[image: ]

a) multi-PDSCH

	[image: ]

b) multi-PUSCH



Figure 2. Processing times for multi-PDSCH (a) and multi-PUSCH (b) scheduling with 32 HARQ processes and 960 kHz SCS, N1=160, N2=288. 
 
[bookmark: _Hlk53744437]
CSI computation delay: Z1, Z2 and Z3:
The following agreements were made in RAN1 #106e
Agreement:
For NR operation with 480 kHz and/or 960 kHz SCS, only value(s) for CSI computation delay requirement 2 are to be defined.
· FFS: The specific values

Agreement:
For NR operation with 480 and 960 kHz SCS, adopt at least the values of Z1, Z2 and Z3 as in the following table for single and multi-PDSCH/PUSCH scheduling to maintain the same absolute time duration as that of 120 kHz SCS in FR2.
· Note: [image: ][image: ]is UE reported capability beamReportTiming; KB3 and KB4 is UE reported capability beamSwitchTiming for 480 and 960 kHz SCS respectively.
· RAN1 to study (until RAN1#106b-e) and possibly introduce smaller values for CSI computation delay requirement

Table 2-4.  CSI computation delay requirement 2
	[image: ]
	Z1 [symbols]
	Z2 [symbols]
	Z3 [symbols]

	
	Z1
	Z'1
	Z2
	Z'2
	Z3
	Z'3

	3
	97
	85
	152
	140
	min(97, X3+ KB2)
	X3

	5
	388
	340
	608
	560
	[min(388, X5+ KB3)]
	[X5]

	6
	776
	680
	1216
	1120
	[min(776, X6+ KB4)]
	[X6]



Though there is still possible reduction of CSI computation time for newly introduced SCSs, if we don’t increase the number SSB opportunities or CSI-RS resources in a set, we don’t expect very critical performance degradation with the agreed CSI computation delay as long as we assume the same number of CSI process (NCPU) for all SCS. 
Considering the release-17 schedule, the optimization of CSI computation delay can be discussed in the future release. 
[bookmark: _Hlk66733201][bookmark: _Hlk61849149][bookmark: _Hlk68078432]Proposal 12: No additional CSI computation delay is supported in addition to the value agreed in RAN1 106e.
CSI processing units:

CSI processing unit (CPU) is the UE capability for simultaneous CSI calculations which is indicated as NCPU. This is related to channel variation or UE mobility rather than scheduling/subcarrier spacings. There is no reason to increase the frequency of CSI reporting or rule for calculation of CSI occupancy. In Rel-15, NCPU is independent from numerology, and the existing specification can be reused for 480kHz and 960kHz SCS.  

[bookmark: _Hlk61849163][bookmark: _Hlk61849173]Observation 2: Rel-15/16 schemes for CPU can be reused for 480kHz and/or 960kHz SCS. 

[bookmark: _Hlk68078441]PTRS enhancements
CP-OFDM
The following agreement was made in RAN1 #104bis-e:

Agreement:
· In Rel-17, for NR operation in 52.6 – 71 GHz, conclude that increased PTRS frequency density is not supported for CP-OFDM at least for Rel-15 PTRS pattern when the allocated number of RB > 32​
· Companies are encouraged to study whether to increase PTRS frequency density for small RB allocations for CP-OFDM for NR operation in 52.6 to 71 GHz with respect to phase noise compensation performance​
· CPE and ICI PN compensation​
· Note: Results for CPE compensation-only are to be reported for reference​
· (K = 0.5, L = 1), (K = 1, L = 1), (K = 2, L = 1),​
· Note: PTRS per K number of PRBs, and PTRS every L number of OFDM symbols​
· Number of RBs: 8, 16, 32​
· Other values of K and number of RBs are not precluded ​
· Study on other aspects of potential PTRS enhancement (e.g., decreased PTRS frequency density) is not precluded


In RAN1#106-e, it was further agreed that
Agreement:
Further study and conclude on whether to introduce any PTRS enhancement for CP-OFDM by RAN1#106b.
· Note: details of specification impact for any proposed PTRS enhancement shall be provided to facilitate drawing conclusion in RAN1#106b
 
Agreement:
Further study and conclude on whether to introduce K=1 for Rel-15 PTRS pattern for CP-OFDM with small (< =32) RB allocation by RAN1#106b.

In Rel-15/16, PTRS can occur in every PDSCH symbol, and the frequency-domain granularity can be either every second PRB (K=2) or every fourth PRB (K=4) (according to the Table 5.1.6.3-2 in [6] copied below). The PTRS configuration is chosen based on bandwidth and MCS, where the bandwidth and MCS thresholds are indicated by PTRS-DownlinkConfig. The time-domain PTRS (symbol) density depends on MCS, while the frequency-density depends on bandwidth, so that the highest bandwidth has frequency density K=4 (according to the Tables 5.1.6.3-1 and 5.1.6.3-2 in [6] copied below). 
[image: ]
[bookmark: _Hlk79048853][bookmark: _Hlk61849201]Observation 3. Existing PTRS configurations for OFDM provide good allocation flexibility to achieve good performance for any bandwidth, SCS, or MCS.

PTRS density for small PRB allocations: 
Here we consider the remaining aspect of small PRB allocations. In the results herein, we assume that PTRS is in every PDSCH symbol (L=1), because it can be configured in such a manner for each case, and single-symbol DMRS is used (in 3rd symbol) In these simulations, number of data bits remains the same, while the number of TX bits is reduced when K is decreased, i.e., the coding rate is increased. The code rates for different simulated cases are shown in Table 1.
Table 2 below compares the performance for PTRS densities K=2, K=1, and K=0.5 for small allocations 32PRBs, 16PRBs. and 8PRBs when either CPE compensation is used or ICI compensation with different de-ICI filter lengths (2*u+1) [5]. It is observed that for QPSK, increasing frequency density to K=1 provides max. 0.3dB gain for PRB=8, but no gain for any larger allocation. It is obvious that for each frequency density and modulation, the optimal PN compensation method can be adjusted. For 16QAM, we observe no gain for any small allocation. For 64QAM, we see a minor benefit of max. 0.3-0.4dBs for 8PRBs and 32PRBs if K=1, then about max. 1dB for 16PRBs if u=2 and about 0.8dB if u=1. 
However, since using such low allocations with high MCSs is not the most relevant case in practice, and some gains are observed in only very limited few cases, we do not see any point in providing extra specification burden here. Note that based on agreements in RAN4#98bis and RAN4#99 meetings, the minimum bandwidth for SCS=120kHz is defined as 100MHz, and 52.6-71GHz is mostly based on RF beamforming in practice. Thus, using such small PRB allocations can be regarded as an extreme corner case.
[bookmark: _Hlk79048809]Observation 4. Considerable benefit from increasing PTRS density to K=1 is observed only in a single case when high-order modulation is used and PRBs=16 and ICI compensation is used.
Observation 5. No gain is achieved using K=0.5.
Observation 6. Using small PRB allocations with high MCSs is a corner case and should not be considered to motivate new PTRS configurations
[bookmark: _Hlk79048821]Proposal 13. Do not consider increasing PTRS frequency density for small PRB allocations (<32).



[bookmark: _Ref79052740]Table 1. Code rates for different cases in Table 2.
	
	Code rate

	K
	0.5
	1
	2

	PRB=8, MCS7
	0.610
	0.583
	0.557

	PRB=8, MCS16
	0.738
	0.705
	0.674

	PRB=8, MCS22
	0.739
	0.705
	0.675

	PRB=16, MCS7
	0.596
	0.556
	0.532

	PRB=16, MCS16
	0.745
	0.694
	0.664

	PRB=16, MCS22
	0.757
	0.705
	0.675

	PRB=32, MCS7
	0.611
	0.562
	0.538

	PRB=32, MCS16
	0.755
	0.695
	0.665

	PRB=32, MCS22
	0.767
	0.706
	0.675



[bookmark: _Ref79050826]Table 2. Link performance comparison to achieve 10% BLER with OFDM, using different PN compensation methods and PTRS densities.
	
	CPE
	ICI u=1
	ICI u=2
	ICI u=3

	K
	0.5
	1
	2
	0.5
	1
	2
	0.5
	1
	2
	0.5
	1
	2

	PRB=8, MCS7
	6.2
	5.9
	6.2
	6.8
	7.4
	inf
	7.2
	9.9
	-
	-
	inf
	-

	PRB=8,MCS16
	14.5
	13.7
	13.3
	14.7
	14.3
	inf
	14.9
	16.6
	-
	-
	inf
	-

	PRB=8,MCS22
	inf
	21.8
	21
	22.0
	20.7
	inf
	21.3
	22.6
	-
	-
	inf
	-

	PRB=16, MCS7
	5.0
	4.5
	4.4
	5.4
	5.2
	6.6
	5.8
	6.4
	10.6
	6.0
	7.2
	inf

	PRB=16,MCS16
	14.0
	12.7
	12.4
	13.8
	13.0
	13.5
	14.0
	13.6
	16.1
	14.0
	14.2
	inf

	PRB=16,MCS22
	inf
	inf
	20.8
	21.7
	19.6
	20.4
	20.6
	19.4
	23.5
	20.1
	20.1
	inf

	PRB=32, MCS7
	5.0
	4.3
	4.2
	5.2
	4.6
	5.0
	5.4
	5.0
	6.2
	5.6
	5.4
	7.2

	PRB=32,MCS16
	14.2
	12.9
	12.5
	13.8
	12.7
	12.9
	14.0
	12.8
	13.2
	13.6
	13.2
	14.0

	PRB=32,MCS22
	inf
	inf
	inf
	22.5
	19.7
	19.6
	20.7
	18.9
	19.3
	20.2
	19.0
	20.1



PTRS Enhancements for OFDM:
Another issue which is still open is that whether to introduce new PTRS patterns (i.e., block-PTRS) for OFDM. Figure 3 shows some results using legacy (distributed) PTRS and some block based patterns. For distributed PTRS, we use the de-ICI filtering approach from [5]. For block based patterns, we compare the following algorithms: Alg 1) ICI filter approximation method from [5] Alg 2) de-ICI approach from [5] Alg 3) Spectrum based estimation from [7,Sec. 4.1.1.1.]. It is observed that the algorithms have some impact on the results, but basically it is possible to achieve similar performance using block PTRS patterns as distributed patterns. Thus, from performance perspective there seems to be no obvious difference. However, if there would be clear evidence that there could be significant receiver complexity reduction by the use of block PTRS patterns, then we are open to consider block based patterns.
Observation 7. PN compensation algorithm has impact on the block PTRS performance.
Observation 8. Block PTRS patterns can achieve similar performance as distributed patterns.
Proposal 14. If the receiver compensation complexity reduction using block PTRS patterns is proved to be clear, block PTRS could be considered for Rel-17.

[bookmark: _Ref83890737]Figure 3. Results showing SNR to achieve 10% BLER using legacy PTRS patterns and block PTRS patterns using different algorithms. The scenario is 400MHz, 120kHz SCS, and TDL-A 10ns, MCS22, and 2*u+1 is the filter length.

DFT-s-OFDM
The following agreement was made in RAN1 #104bis-e:

Agreement:
Continue 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 
· (Ng = 8, Ns = 4, L = 1), (Ng = 16, Ns = 2, L = 1), (Ng = 16, Ns = 4, L = 1),  
· Note: Ng number of PT-RS groups, Ns number of samples per PT-RS group, and PTRS every L number of DFT-s-OFDM symbols 
· Other patterns are not precluded​
· Other aspects of PTRS enhancements are not precluded from further study

Agreement:

· It is recommended to strictly follow and evaluate at least based on assumptions which are not optional in previous agreed LLS assumptions for study of potential RS enhancements for NR operation in 52.6 to 71 GHz.​
· Note: evaluation based on optional model/scenario/parameter values are not precluded from being considered for discussion and decisions​
· Companies are encouraged to report results (along with previously reported aspects and cubic metric for power boosting aspects) at least for SINR in dB achieving PDSCH/PUSCH BLER of 10% in a numerical and tabular way (e.g. adapted from LLS result report template in SI).​
· Note: other ways of presentation of results (e.g. BLER curve) is not precluded ​

In RAN1#106-e, it was further agreed that
Agreement:
Further study and conclude on whether to introduce (Ng = 16, Ns = 2, L = 1) and/or (Ng = 16, Ns = 4, L = 1) for DFT-s-OFDM by RAN1#106b.
· Note: Ng number of PT-RS groups, Ns number of samples per PT-RS group, and PTRS every L number of DFT-s-OFDM symbols
· FFS applicable to which RB allocation(s) if agreed to introduce (Ng = 16, Ns = 2, L = 1) and/or (Ng = 16, Ns = 4, L = 1)

In Rel-15/16, there are five different PTRS configurations for DFT-s-OFDM (according to Table 6.2.3.2-1 in [3] copied below, and we refer to these patterns using numbering from 1 to 5 here). The chosen configuration is based on the bandwidth thresholds indicated in PTRS-UplinkConfig, and also time-domain (symbol) density can be configured to occur in every symbol (L=1) or every second symbol (L=2).

[image: ]
Rel-15 configurations perform well up to a certain PRB allocation size and MCS. However, it seems that for large MCSs some new PTRS configurations are needed. It is because the Rel-15 configuration was determined to achieve similar performance as CPE compensation of CP-OFDM PTRS.
New PTRS mapping unit:
[bookmark: _Hlk83909201]In the existing Rel-15 specification, the PTRS patterns are mapped to a single DFT-s-OFDM symbol. We propose to introduce new PTRS patterns by means of adaptive PTRS mapping unit in terms of fraction or multiple of DFT-s-OFDM symbols. Let X be the defined allocation unit
· PTRS patterns can be mapped to part of the DFT-s-OFDM symbol or multiple DFT-s-OFDM symbols
· If X<1, PTRS pattern is mapped over part of one DFT-s-OFDM symbol
· If X>1 PTRS pattern is mapped over more than one DFT-s-OFDM symbol

Examples of the proposed mappings are shown in Figure 4, where PTRS patterns in Table 6.4.1.2.2.2-1 of  TS38.211 are calculated for full symbol, half symbol, or two symbols. We observe the flexibility to obtain various different patterns using the proposed approach. For example, X=0.5 maps the PTRS patterns in Table 6.4.1.2.2.2-1 over half a symbol and this pattern can be repeated twice per symbol. 
[image: ]
[bookmark: _Ref69822004]Figure 4. Example showing all current 5 PTRS patterns mapped using legacy PTRS (top), proposed method with X=0.5 (middle), and proposed method with X=2 (bottom).

Figure 5 illustrates the performance of MCS16 for the legacy PTRS pattern 4x4, where the PTRS is mapped symbol wise, to the proposed method where legacy PTRS pattern 8x4 is mapped over two OFDM symbols (X=2), i.e., in this case every other OFDM symbol has different pattern, and there are 4x4 groups in each symbol. The proposed method is observed to achieve 0.3dB gain in this case with the same PTRS overhead.
Figure 6 compares the performance of MCS22 for existing 8x4 pattern and with two different proposed patterns. It is observed that if we increase the number of PTRS groups to 16 (i.e., add 16x4 to Table 6.4.1.2.2.2-1), and then use our proposed approach with X=2, we get 0.75dB gain over existing 8x4 pattern with the same overhead. On the other hand, using 8x4 pattern with X=0.5 (corresponding to 16 PTRS groups per symbol) gives further 0.5dB gain but with double overhead. 
These results verify that the proposed approach achieves very good performance gains using the same overhead but can also provide further gains by increasing the PTRS overhead.
Observation 9. PUSCH performance of DFT-s-OFDM may be improved by increasing the maximum number of PTRS groups with well affordable PTRS overhead.
Observation 10. New PTRS configurations can give performance gains for high order modulations.
[image: Chart, line chart
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[bookmark: _Ref69380029]Figure 5. Results for DFT-s-OFDM MCS16, 400MHz with 120kHz SCS.

[image: Chart, line chart
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[bookmark: _Ref69714781]Figure 6. Performance comparison between existing 8x4 pattern, and two different proposed patterns with 120kHz, 400MHz, and MCS22.

In Table 3, the PUSCH performance of DFT-s-OFDM is compared for 64-QAM. In the results herein, we use the maximum overhead configuration (8 PTRS groups, 4 samples per group) as a baseline, and compare different PTRS configurations in addition to this. The used PN compensation method is simple interpolation between the PTRS blocks. The following patterns are compared:
· Rel-15 PTRS pattern 8x4, i.e., Conf. 5 in Table 6.4.1.2.2.2-1 of TS38.211
· Increasing number of groups to 16, by using extension of Conf. 5 in Table 6.4.1.2.2.2-1 of TS38.211 (16x2 and 16x4)	
· Increasing number of groups to 16, by using extension of Conf. 3 in Table 6.4.1.2.2.2-1 of TS38.211 (16x2 and 16x4)	
· Increasing number of groups to 16 using evenly distributed PTRS groups (16x2 and 16x4)
· Increasing number of groups to 16 using the proposed mapping unit with X=½, i.e., PTRS patterns in Table 6.4.1.2.2.2-1 of  TS38.211 are calculated for half symbol and repeated twice in each symbol

Table 3 is showing 10% BLER SNR and PTRS overhead in each case. It is observed that the proposed approach using 8x4, X=1/2, achieves 1.2dB gain over existing 8x4 configuration, while 16x2 achieves 0.8dB gain. 
Observation 11. Increasing the number of PTRS groups to 16 by the proposed fractional mapping can provide 1.2dB gain using 4 samples per group, and 0.8dB gain using 2 samples per group over existing 8x4 pattern when using MCS22.

[bookmark: _Ref79053337]Table 3. Comparison of different PTRS patterns using SCS=120kHz, BW=400MHz, and MCS22, Tdl-a 10ns.
[image: ]
Proposal 15. Consider increasing number of PTRS groups for DFT-s-OFDM to make high order modulations robust to phase noise when a large number of PRBs is used.
Proposal 16: Consider increasing the number of PTRS groups to 16 by introducing a PTRS mapping unit in terms of fraction (or multiple of) DFTsOFDM symbols, to flexibly control PTRS overhead and allocation.

DMRS enhancements
The following agreements related to DMRS were made in RAN1 #106-e:
Agreement:
· For 480 kHz and/or 960 kHz SCS, for rank 1 PDSCH at least with DMRS type-1, support a configuration of DMRS where the UE is able to assume that FD-OCC is not applied.
· Note: “FD-OCC is not applied” refers to the UE may assume that a set of remaining orthogonal antenna ports are not associated with the PDSCH to another UE, wherein the set of remaining orthogonal antenna ports are within the same CDM group and have different FD-OCC 
· FFS whether applies to DMRS type-2
· Down select between the following options for the indication to UE
· RRC configuration 
· antenna port(s) field in DCI scheduling the rank 1 PDSCH 

For rank 1 transmission, if UE is indicated with no CDD is applied to the DM-RS port, i.e. no MU-MIMO transmission in PDSCH transmission, UE can improve the demodulation performance by applying per RE-level channel estimation. We have two remaining issues on DMRS enhancement. Regarding to the applicability to DMRS type-2, we don’t see any issue with extension of the agreement in DMRS type-1 into DMRS type-2. 
Proposal 17: Support the configuration of rank 1 DMRS without FD-OCC for DMRS type-2. 
Regarding to signaling option for the functionality, we prefer RRC configuration rather than antenna port field in DCI.
Proposal 18: Support the RRC configuration for the indication of rank 1 without FD-OCC transmission.     
Conclusion
In this contribution we have discussed the PDSCH/PUSCH enhancements to support operation between 52.6 GHz and 71 GHz. Based on the simulation results and discussion we make the following proposals and observations:

Multi-PxSCH scheduling

Proposal 1: All Rel-17 UEs supporting 120, 480 or 960 kHz SCS can be scheduled for up-to 8 PDSCHs/PUSCHs with a single DCI.  

Proposal 2: The maximum gap between scheduled PDSCHs/PUSCH does not require additional impact on specification

Proposal 3: Follow Rel-15/16 rules when determining the invalid slot(s) for PDSCH/PUSCH dropping and the corresponding HARQ process number skipping.

Proposal 4: For a DCI that can schedule multiple PDSCH, MCS/NDI/RV fields for the 2nd TB are present only if the RRC parameter indicates that two CW transmission is enabled
· The same RRC parameter adjusts MCS/NDI/RV fields for both single and multiple PDSCH scheduling
· The signalling details are up-to RAN2 to decide.

Proposal 5: For other multi-PxSCH enhancements:
· No FDRA enhancements for multi-PxSCH
· Intra-slot frequency hopping (if configured) applies to both single PUSCH and multiple PUSCH transmission.

HARQ-ACK feedback enhancements:
Proposal 6: Single transmission of HARQ feedback per multi-PDSCH DCI is only supported. 

Proposal 7: HARQ-ACK for SPS PDSCH release or SCell dormancy indication without scheduled PDSCH generate is contained on the first sub-codebook.

Proposal 8: HARQ-ACK bits for CBG-based PDSCH reception and HARQ-ACK bits for multi-PDSCH reception are contained in separate sub-codebooks if same DCI configuration can be used for scheduling both CBG-based PDSCH reception and multi-PDSCH reception. Otherwise, HARQ-ACK reporting for CBG-based scheduling and multi-PDSCH scheduling is not supported simultaneously.

Proposal 9: Time domain bundling of HARQ-ACK feedback over PDSCHs scheduled by the same DCI is supported. In the case that all HARQ-ACK(s) are bundled into a single bit per DCI, single sub-codebook is used. 

Proposal 10: For Type-1 codebook, configurable time domain bundling of HARQ-ACK feedback over M consecutive PDSCHs scheduled by the same DCI is supported. 
· Modified TDRA table is used in the codebook determination 
· TDRA rows are modified by keeping the last SLIV(s) of the row corresponding to the number of bundled HARQ-ACK bit(s) and removing other SLIVs from that row. 

Time line related aspects:
Observation 1: The processing times agreed in RAN1 #106 result in too tight processing times for gNB
· Increasing the PDCCH monitoring periodicity can alleviate the problem to some extend 

Observation 2: Rel-15/16 schemes for CPU can be reused for 480kHz and/or 960kHz SCS.
Proposal 11: For NR operation with 480 and 960 kHz SCS, introduce 30% smaller values of N1, N2 and N3 for single and multi-PDSCH/PUSCH scheduling for = [5, 6] (compared to values agreed in RAN1 #106e).
Proposal 12: No additional CSI computation delay is supported in addition to the value agreed in RAN1 106e.

PTRS enhancements:
Observation 3. Existing PTRS configurations for OFDM provide good allocation flexibility to achieve good performance for any bandwidth, SCS, or MCS.
Observation 4. Considerable benefit from increasing PTRS density to K=1 is observed only in a single case when high-order modulation is used and PRBs=16 and ICI compensation is used.
Observation 5. No gain is achieved using K=0.5.
Observation 6. Using small PRB allocations with high MCSs is a corner case and should not be considered to motivate new PTRS configurations
Observation 7. PN compensation algorithm has impact on the block PTRS performance.
Observation 8. Block PTRS patterns can achieve similar performance as distributed patterns.
Observation 9. PUSCH performance of DFT-s-OFDM may be improved by increasing the maximum number of PTRS groups with well affordable PTRS overhead.
Observation 10. New PTRS configurations can give performance gains for high order modulations.
Observation 11. Increasing the number of PTRS groups to 16 by the proposed fractional mapping can provide 1.2dB gain using 4 samples per group, and 0.8dB gain using 2 samples per group over existing 8x4 pattern when using MCS22.
Proposal 13. Do not consider increasing PTRS frequency density for small PRB allocations (<32).
Proposal 14. If the receiver compensation complexity reduction using block PTRS patterns is proved to be clear, block PTRS could be considered for Rel-17.
Proposal 15. Consider increasing number of PTRS groups for DFT-s-OFDM to make high order modulations robust to phase noise when a large number of PRBs is used.
Proposal 16: Consider increasing the number of PTRS groups to 16 by introducing a PTRS mapping unit in terms of fraction (or multiple of) DFTsOFDM symbols, to flexibly control PTRS overhead and allocation.

DMRS enhancements:
Proposal 17: Support the configuration of rank 1 DMRS without FD-OCC for DMRS type-2. 
Proposal 18: Support the RRC configuration for the indication of rank 1 without FD-OCC transmission. 
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Table 5.1 .6. 3 - 1: Time den sity of PT - RS as a function of scheduled MCS  

Scheduled MCS  Time density (

RS PT

L



)  

I MCS   < ptrs - MCS 1    PT - RS is not present  

ptrs - MCS1 



  I MCS   < ptrs - MCS2  4  

ptrs - MCS2 



  I MCS   < ptrs - MCS3  2  

ptrs - MCS3 



  I MCS   < ptrs - MCS4  1  

  Table 5.1 .6. 3 - 2: Frequency density of PT - RS as a function of scheduled bandwidth  

Scheduled bandwidth  Frequency density (

RS PT

K



)  

N RB   <  N RB0  PT - RS is not present  

N RB0  



  N RB   <   N RB1  2  

  N RB1  



  N RB    4  
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Table 6.2. 3 .2 - 1 : PT - RS  group  pattern as a function of  scheduled bandwidth  

Scheduled bandwidth  Number of  PT - RS groups  Number of samples    per PT - RS group  

N RB0 


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N RB1  


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N RB2  


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

  N RB   <   N RB4  4  4  

N RB4  
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  N RB  8  4  
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image16.emf
TDL - A 10ns  Existing  Conf 5  Extending Conf.  5 in  Table  6.4.1.2.2.2 - 1 of  TS38.211  Extending Conf. 3  in  Table  6.4.1.2.2.2 - 1 of  TS38.211  PTRS evenly  distributed over  the symbol  Proposed  mapping   ( X=1/2 ,  fractional  mapping )  

PTRS  config.  8x4  16x2  16x4  16x2  16x4  16x2  16x4    8x2  8x4    

SNR  @   10%  BLER     M CS22  19.0  18.1  17.8  18.3  18.2  18. 6  18.7  18.2  17.8  

Gain over  existing  pattern  (dB)   MCS22  0  0.9  1.2  0.7  0.8  0.4  0.3  0.8  1.2  

SNR  @   10%  BLER   M CS24  -  -  22. 9  -  23.6  -  22.9  -  22.9  

PTRS  overhead  per data  symbol  1.04%  1.04%  2.08%  1.04%  2.08%  1.04%  2.08%  1.04%  2.08%  

 


