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 Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK15][bookmark: OLE_LINK1][bookmark: OLE_LINK16]In this contribution, we discuss potential PUSCH/PDSCH enhancement, time line related aspects adapted to each of the new numerologies 480kHz and 960kHz, reference signals, scheduling particularly w.r.t. multi-PDSCH/PUSCH with a single DCI, HARQ, etc.
[bookmark: _Toc28873153] Discussion 
Multi-PDSCH/PUSCH scheduling 
HARQ process number determination
In RAN1 #106-e meeting, an agreement was achieved for HARQ process number determination as follows:
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.
According to the following regulations in clauses 11.1.1 of TS 38.213 in [1],  
	For a set of symbols of a slot indicated to a UE as flexible by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated if provided, or when tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated are not provided to the UE, and if the UE detects a DCI format 2_0 providing a format for the slot using a slot format value other than 255
...
-	if an SFI-index field value in DCI format 2_0 indicates the set of symbols of the slot as flexible and the UE detects a DCI format indicating to the UE to receive PDSCH or CSI-RS in the set of symbols of the slot, the UE receives PDSCH or CSI-RS in the set of symbols of the slot
-	if an SFI-index field value in DCI format 2_0 indicates the set of symbols of the slot as flexible and the UE detects a DCI format, a RAR UL grant, fallbackRAR UL grant, or successRAR indicating to the UE to transmit PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot the UE transmits the PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot.
...
-	a UE does not expect to detect an SFI-index field value in DCI format 2_0 indicating the set of symbols of the slot as downlink and also detect a DCI format, a RAR UL grant, fallbackRAR UL grant, or successRAR indicating to the UE to transmit SRS, PUSCH, PUCCH, or PRACH, in one or more symbols from the set of symbols of the slot
-	a UE does not expect to detect an SFI-index field value in DCI format 2_0 indicating the set of symbols of the slot as downlink or flexible if the set of symbols of the slot includes symbols corresponding to any repetition of a PUSCH transmission activated by an UL Type 2 grant PDCCH as described in Clause 10.2
-	a UE does not expect to detect an SFI-index field value in DCI format 2_0 indicating the set of symbols of the slot as uplink and also detect a DCI format indicating to the UE to receive PDSCH or CSI-RS in one or more symbols from the set of symbols of the slot



A UE should receive/transmit a PDSCH/PUSCH that scheduled by a DCI format when the PDSCH/PUSCH is indicated to receive/transmit in a set of symbols of the slot as flexible by semi-static TDD configuration and/or an SFI-index field value in DCI format 2_0. Meanwhile, A UE does not expect to detect an SFI-index field value in DCI format 2_0 indicating the set of symbols of the slot as flexible by semi-static TDD configuration, as uplink/downlink if UE detects a DCI format indicating to receive/transmit PDSCH/PUSCH in the set of symbols of the slot. Therefore, for the case where a scheduled PDSCH/PUSCH collides with a flexible symbol (indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated), the UE should receive/transmit the PDSCH/PUSCH and HARQ process number increment should not be skipped for the PDSCH/PUSCH which collides with a flexible symbol (indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated) even if the UE is configured to monitor DCI format 2_0.
Proposal 1: HARQ process number increment should not be skipped for the PDSCH/PUSCH which collides with a flexible symbol (indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated) even if the UE is configured to monitor DCI format 2_0. 
Two codeword transmission
In RAN1 #106-e, a working assumption was achieved for two codeword transmission as follows:
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
For the second TB, signaling of MCS/NDI/RV in a DCI that can schedule multiple PDSCHs when two codeword transmission is enabled can reuse the signaling of MCS/NDI/RV for the first TB as follows:
· MCS for the 2nd TB: This appears only once in the DCI and applies commonly to the second TB of each PDSCH
· NDI for the 2nd TB: This is signaled per PDSCH and applies to the second TB of each PDSCH
· RV for the 2nd TB: This is signaled per PDSCH, with 2 bits if only a single PDSCH is scheduled or 1 bit for each PDSCH otherwise and applies to the second TB of each PDSCH
This scheme is very flexible but it is at the cost of increasing DCI signalling overhead. The main motivation to introduce 2-TB transmission it to pursue peak throughput and competitiveness of NR operating beyond 52.6 GHz, it has also been agreed to minimize the increase in the number of bits in the DCI, therefore it is recommended that signaling of MCS/NDI/RV for the second TB can reuse the signaling of MCS/NDI/RV for the first TB and no further DCI overhead is introduced. Maybe one or two signaling of MCS, NDI and RV can be signaled for the second TB and the other signaling can reuse the signaling for the first TB. For example, only NDI is signaled for the second TB and MCS/RV is reused for the first TB.
Proposal 2: To minimize the increase in the number of bits in the DCI, signaling of MCS/NDI/RV for the second TB can reuse the signaling of MCS/NDI/RV for the first TB in a DCI that can schedule multiple PDSCHs when two codeword transmission is enabled. 
HARQ-ACK codebook
Type 1 HARQ-ACK codebook enhancement
In RAN1 #106-e, the following agreement was achieved for type 1 HARQ-ACK codebook:
Agreement in RAN1#106-e:
· 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.
	Agreement in 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 includes contains all the unique DL slots determined by considering all combinations of the configured K1 values and the configured rows of the TDRA tablethat can be scheduled by any row index r of TDRA table in DCI indicating the UL slot as HARQ-ACK feedback timing.
· The set of SLIVs corresponding to a DL slot (belonging to the set of DL slots) at least includecontains all the SLIVs for that slot determined by considering all combinations of the configured K1 values and the configured rows of the TDRA tablethat can be scheduled within the DL slot by any row index r of TDRA table in DCI indicating the UL slot as HARQ-ACK feedback timing.
· 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: details of further pruning of the set of SLIVs
· FFS: impact if receiving more than one PDSCH in a slot is allowed, e.g., handling of overlapped SLIVs from different rows in the same and different DL slot
· FFS impact of time domain bundling, if supported


The agreement above clarifies that the Rel-16 pruning procedure is reused in the procedure of determining the candidate PDSCH reception occasions. However, how to determine an extended K1 set and a set of SLIVs associated with each element K1_e of the extended K1 set has not been determined yet. 
For pruning of the set of SLIVs, an extended K1 set and a set of SLIVs associated with each element K1_e of the extended K1 set should be obtained first. The extended K1 set may not be a set including all the integers from minimal element of K1 set to the sum of maximal element of K1 set and maximal PDSCHs that can be scheduled in TDRA table. For example, in figure 2.2.1-1, extended K1 set is not {1, 2, 3, 4, 5, 6, 7, 8, 9} when K1 set is{1,5}. For TDRA index=0 of Figure 2.2.1-1, a set of slot offset between the last PDSCH and each PDSCH of TDRA index=0 is  {0, 1, 3, 4}. Similar with TDRA index=0, a set of slot offset between the last PDSCH and each PDSCH of TDRA index=1 and index =2 are {0} and {0, 1}. Therefore, the set of slot offset for TDRA of Figure 1 is {0, 1, 3, 4}. The extended K1 set for each K1 value is the sum of the set of slot offset and the K1 value, i.e. the extended K1 set is {1, 2, 4, 5} for K1=1 and the extended K1 set is {5, 6, 8, 9} for K1=5. The extended K1 set for TDRA of Figure 1 if K1 set is {1, 5} is {1, 2, 4, 5, 6, 8, 9} which is the union of {1, 2, 4, 5} and {5, 6, 8, 9}.
In the current specification, for single DCI scheduling single PDSCH, pruning of the set of SLIVs is associated with HARQ-ACK feedback timing k which is associated with all the SLIVs in the TDRA table. However, for single DCI scheduling multiple PDSCHs, each element K1_e of the extended K1 set should be associated with a subset of all the SLIVs in the TDRA table. For example, in Figure 2.2.1-1, K1_e=1 is associated with K1=1 and the slot offset 0 of the set of slot offset set {0, 1, 3, 4}. The slot offset 0 is associated with K0=5&R0_3 of TDRA index 0,  K0=1&R1_0 of TDRA index 1 and K0=2&R2_1, that is, K1_e=1 is associated with a set of SLIVs of {K0=5&R0_3, K0=1&R1_0, K0=2&R2_1}. Similarly, K1_e=5 is associated with (K1=1, the slot offset 4) and (K1=5, the slot offset 0). The slot offset 4 is associated with K0=1&R0_0 of TDRA index 0 and the slot offset 0 is associated with {K0=5&R0_3, K0=1&R1_0, K0=2&R2_1} and K1_e=5 is associated with a set of SLIVs of {K0=1&R0_0, K0=5&R0_3, K0=1&R1_0, K0=2&R2_1}. Therefore, pruning of the set of SLIVs in the pseudo-code should be also based on the set of SLIVs of {K0=5&R0_3, K0=1&R1_0, K0=2&R2_1} for K1_e=1 and the set of SLIVs of {K0=1&R0_0, K0=5&R0_3, K0=1&R1_0, K0=2&R2_1} for K1_e=5 when the codebook generation procedure of single DCI scheduling single PDSCH is reused.
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Figure 2.2.1-1 Table 1-1 example of TDRA which includes multiple PDSCH and K1={1,5}
The general procedure for extending the K1 set and determining the association between each element of the extended K1 set and  a set of SLIVs can be summarized as:
· Determine a set of slot offset between the last SLIV (PDSCH) and each SLIV for TDRA table. 
· Determine a set of SLIVs for each slot offset.
· Determine extended K1 set based on K1 set and the set of slot offset. 
· Determine a set of SLIVs for each element of extended K1 set.
Proposal 3: The procedure for extending the K1 set and determining the association between each element of the extended K1 set and a set of SLIVs could be defined as following:
· Determine a set of slot offset between the last SLIV (PDSCH) and each SLIV for TDRA table. 
· Determine a set of SLIVs for each slot offset.
· Determine extended K1 set based on K1 set and the set of slot offset. 
· Determine a set of SLIVs for each element of extended K1 set.
Type 2 HARQ-ACK codebook enhancement
In RAN1 #106-e meeting, an agreement was achieved for constructing type 2 HARQ-ACK codebook when CBG operation is configured as follows: 
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.
For Option 1, Maximum number of CBGs per TB and maximum number of PDSCHs may be different, which will likely further increase the HARQ-ACK feedback redundancy. For Option 2, additional DAI bit field in UL grant needs to be introduced for the third sub-codebook and the overhead of DCI will increase when multi-PDSCH and CBG operation are configured. Option 3 is relatively simple and may introduce some restrictions especially for carrier aggregation between FR1/2-1 and FR2-2. But for the sake of simplicity, we slightly prefer Option 3. 
Proposal 4: When CBG operation is configured, the following Option 3 is preferred
· UE does not expect to be configured with both of CBG operation and multi-PDSCH scheduling in the same PUCCH cell group.
HARQ-ACK information carried by different PUCCH(s) 
In Rel-16 NR-U, enhanced dynamic HARQ-ACK codebook was introduced. gNB can request HARQ-ACK feedback for one or more PDSCH groups in the DCI scheduling the PDSCH. In addition, HARQ-ACK feedback for all PDSCHs in the same PDSCH group is allowed to be carried in the same PUCCH.  For 52.6GHz-71GHz frequency, the enhanced dynamic HARQ-ACK codebook can also be supported to provide more transmission opportunity for HARQ-ACK feedback. However, since multi-PDSCH scheduling is introduced, further discussion on how to construct HARQ-ACK codebook should be specified.
For each PDSCH group, the C-DAI/T-DAI count method should be the same as dynamic HARQ-ACK codebook in section 2.2.2. Besides other aspects such as how gNB triggers or indicates the UE to feedback the HARQ-ACK information for these scheduled PDSCH(s) should be specified. For example, the determination of the PDSCH group index of each scheduled PDSCH, the interpretation of the K1 value for HARQ-ACK feedback for each PDSCH group, and how to design the indication of NFI/T-DAI should be specified. 
Besides, considering the HARQ-ACK feedback delay, the scheduled multiple PDSCHs for one DCI can be divided into different PDSCH groups, and the first transmitted PDSCH group can firstly feedback HARQ-ACK in one PUCCH, and the later transmitted PDSCH belong to the second PDSCH group can be corresponding to a later feedback HARQ-ACK in the other PUCCH.
Proposal 5: HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s) considering HARQ-ACK feedback delay.
HARQ process number related issues
In Rel-17 NTN WI, it has been agreed to extend the value range of K1 from (0..15) to (0..31)  to support  up to 32 HARQ process number for unpaired spectrum in RAN1 #104e. Further, according to the agreement of Rel-17 above 52.6GHz in RAN1 #106-e , the same solution to support up to 32 HARQ process number in Rel-17 NTN WI is reused for NR FR2-2 and extend the value range of K1 also should be reused. The related agreements mentioned above are copied below:
Agreement in RAN1 #104-e for Rel-17 NTN:
For unpaired spectrum, extend the value range of K1 from (0..15) to (0..31) 
FFS: Whether there is an impact on the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI.
Agreement in RAN1 #106-e for Rel-17 above 52.6GHz:
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.
Proposal 6: For NR FR2-2, extend the value range of K1 from (0..15) to (0..31).
For above 52.6GHz, the slot duration is reduced, for example, the slot duration of SCS=960kHz is 1/32 of the slot duration of SCS=30kHz. So given the Tproc,1 as shown in Figure 2.2.4-1, which is equal to 2 slots when SCS is 120kHz, whilst corresponds to 16 slots for 960kHz SCS.
In FR2-2 more PDSCHs can be scheduled by multiple DCIs and HARQ-ACK feedback for all the PDSCHs can also be transmitted in same slot, which includes single DCI schedules single PDSCH and single DCI schedules multiple PDSCHs and each DCI indicates a K1 value by PDSCH-to-HARQ feedback timing indicator field. For example, in Figure 2.2.4-1, HARQ-ACK for 19 PDSCHs scheduled by 9 DCIs is transmitted in the same UL slot and 9 different K1 values are needed. If single DCI scheduled single PDSCH is applied in Figure 2.2.4-1, more different K1 values are needed and enhancement of DCI should be introduced at least for 480/960 kHz SCS for FR2-2, e.g. increase the PDSCH-to-HARQ_feedback timing indicator field to 4 or 5 bits.


Figure 2.2.4-1 HARQ feedback for FR2-2
In brief, at least for some cases when SCS is 960/480 kHz, currently 8 K1 candidates indicated via DCI is not sufficient for the HARQ-ACK feedback to up to 32 HARQ processes of DL transmission. So it is necessary to enhance the indication of K1. 
In additional, for keeping the size of DCI bit field, re-interpreting the bit field can also be considered to increase more K1 values indication. 
Proposal 7: For NR FR2-2, at least for 480/960 kHz SCS, increasing the PDSCH-to-HARQ_feedback timing indicator field to 4 or 5 bits should be supported.
 Timing related
 N1/N2/N3 
In RAN1 #106-e meeting, an agreement about N1/N2/N3 was reached:
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


In Rel-15, for each of N1/N2/N3, without exception, there are two parameter sets or tables for two timing processing  capabilities. But for the capability 2, the values of N1/N2/N3 are only provided for frequency range 1 for SCSs of 15kHz, 30kHz and 60kHz. Hence the agreement listed above was achieved based on the absolute time of 120 kHz SCS time lines for only timing capability 1.
In our understanding, the timing processing capability 1 is for eMBB, and the latency is not so stringent, the parameters agreed are sufficient at least for single PDSCH/PUSCH scheduling. For multi-PxSCH scheduling, as the note shown, the values of N1/N2 are for any of the PDSCH/PUSCH in multi-PDSCH/PUSCH scheduling.
As for whether or not to introduce smaller values, in our opinion, the smaller latency may lead to better user experience. On the other side, more strict timeline requires higher UE complexity. Such issues seem as optimization, up to now there is no consensus on the method of the determination of the N1/N2/N3. We are open to discuss the smaller values of timeline, given that only 2 meetings are left to discuss this issue, if no consensus can be achieved in RAN1#106b-e, we can accept the already agreed timeline values.
Proposal 8: Adopt the already agreed values of N1, N2 and N3 for single and multi-PDSCH/PUSCH scheduling if there is no consensus on smaller values.
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 CP-OFDM
· PTRS density
In RAN1 #104b-e meeting, some companies proposed that the performance of higher PTRS density might be better when the allocated RB number is relatively small. Then we have the following agreement to conclude that when RB number is larger than 32, increased PTRS density is not supported, and encourage companies to evaluate the higher PTRS density with the specific configuration.
Agreement in 104b-e:
· 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 
Agreement in 106-e:
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.



We consider 2 types of PN compensation method, i.e. CPE and ICI, both based on the legacy PTRS pattern in Rel-15. For RB number and K, the values in the agreement are assumed. As suggested by the moderator, for other parameters not mentioned, we strictly follow the mandatory parameters in the agreed simulation assumption. In this section, the PTRS compensation algorithm is assumed as De-ICI compensation for both legacy and block PTRS.
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(a) TDL-A 5ns, 8 PRBs, 120kHz(left)/480kHz(right)
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(b) TDL-A 5ns, 16 PRBs, 120kHz(left)/480kHz(right)
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(c) TDL-A 5ns, 32 PRBs, 120kHz(left)/480kHz(right)
Figure 2.4.1-1 Comparison of different PTRS density
As shown in Figure 2.4.1-1, 
1) For ICI compensation, the performance gets better with the increasing PTRS density, the gain becomes significant (>2dB) when PRB number is 8.
2) For CPE compensation, the performance of different PTRS density is similar, less than 1dB gain is observed for higher density when PRB number is 8.
3) When PRB number is not larger than 32, CPE compensation with lower PTRS density can achieve similar or better performance than ICI compensation with higher density.
Therefore, we have the following observation and proposal,
Observation 1: When PRB number is not larger than 32, CPE compensation with lower PTRS density can achieve similar or better performance than ICI compensation with higher PTRS density.
Proposal 11: Do not introduce K=1 for Rel-15 PTRS pattern for CP-OFDM with small (< =32) RB allocation.
· Block PTRS with cyclic sequence
In RAN1 #104b-e meeting, the following agreement is achieved to encourage companies to evaluate the RS enhancements with the mandatory parameters in the evaluation assumption.
Agreement in 104b-e:
· 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).
Agreement in 106-e:
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

· Note: other ways of presentation of results (e.g. BLER curve) is not precluded 


In this chapter, we further evaluate the PTRS enhancement for CP-OFDM, especially the block PTRS with cyclic sequence, with the mandatory parameters from agreed assumption. 
Block PTRS with cyclic sequence is discussed in the last meeting, here we consider a block PTRS sequence introduced in [2], which is composed of a base sequence and a circular sequence, as illustrated in Figure 2.4.1-2. The length of base sequence and circular sequence is decided by the number of significant ICI coefficients. The base sequence  has a constant modulus after IFFT operation to provide a better estimation on ICI coefficients. ZC sequence can be a candidate for the base sequence. The circular sequence includes the head circular part and the tail circular part, wherein the head circular part is composed of the tail of the base sequence, and the tail circular part is composed of the head of the base sequence. In the simulation, the length of circular sequence is assumed to be (tap number+1)/2.
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Figure 2.4.1-2. Block PTRS with cyclic ZC sequence[2]
As suggested by companies that support block PTRS, we further evaluate different combinations of the block PTRS configuration, such as ICI estimation filter tap number, block number and sequence length for each block. To achieve a relatively fair comparison, we assume the total number of PTRS REs is the same for both legacy PTRS and block PTRS, i.e.128 PTRS REs. The number of PRB is 256 and 64QAM with MCS 22 is assumed.
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Figure 2.4.1-3 Comparison of block PTRS and legacy PTRS with different tap configuration
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Figure 2.4.1-4 Comparison of block PTRS and legacy PTRS with different block number

As illustrated in Figure 2.4.1-3 and 2.4.1-4, for 120kHz and 480kHz SCS with MCS 22, the performance of ICI compensation based on legacy PTRS is always better than block PTRS.
Observation 2: Block PTRS with cyclic sequence cannot provide performance gain compared with legacy PTRS.
· Block PTRS with power boosting
Power boosting for PTRS is introduced in Rel-15 to further improve the PN estimation accuracy. However, when ICI compensation is required to mitigate the severe phase noise impact in above 52.6GHz, some companies mentioned that power boosting may have limited benefit for legacy PTRS since the adjacent REs of PTRS are occupied by data. 
The formula for ICI estimation is shown in equation (1), and  is the subcarrier index of  PTRS,  is the received signal on subcarrier j,  is the ICI coefficient, and  is the transmitted signal at subcarrier . For distributed PTRS, only the middle column (with red color) in the left matrix are from PTRS with power boosting, and rest of the received signals are from data without power boosting[10]. The effect of power boosting for legacy PRTS to perform ICI estimation is quite limited.
                                    (1)

In the following, we provide the simulation results of block PTRS with 3dB power boosting to compare with legacy PTRS without power boosting.
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Figure 2.4.1-5 Performance of power boosting
As shown in Figure 2.4.1-5, for 120kHz and 480kHz SCS with 256 PRBs, the PTRS overhead is kept the same for different PTRS patterns(K=2), although power boosting can provide about 0.5dB gain for block PTRS in some scenarios, the performance of legacy PTRS without power boosting is still better than block PTRS.
It seems that the PN estimation accuracy has already been achieved by a long PTRS sequence, power boosting for PTRS may not further improve the performance. Besides, considering that the total power of data and reference signals should be kept unchanged, the overall performance with power boosting is doubtful.
Observation 3: Block PTRS with power boosting cannot achieve better performance than legacy PTRS. 
A new PTRS pattern may require a different PTRS sequence construction in spec. In addition, introducing any of the PTRS enhancement may result in a change on RRC parameters and signaling. For example, for block PTRS with cyclic sequence, new parameters such as number of blocks, size of block, length of circular sequence need to be defined. Since legacy PTRS has been already supported in FR2-2, PTRS pattern type needs to be indicated to UE through explicit or implicit signaling. Therefore, introducing a new PTRS pattern requires great spec efforts.
Observation 4: Introducing a new PTRS pattern requires great spec efforts at least on sequence construction, RRC parameters and PTRS pattern type indication.
Proposal 12: Reuse the Rel-15 legacy PTRS pattern for 52.6GHz~71GHz.
 DFT-s-OFDM 
[bookmark: OLE_LINK7]Regarding the PTRS pattern for DFT-s-OFDM waveform, five different configurations can be chosen according to the allocated RB number as shown in Table 6.2.3.2-1[3]. 
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In RAN1 #104b-e meeting, some companies propose that increasing the number of PTRS groups can bring performance gain for 120kHz DFT-s-OFDM waveform with large allocated PRB number(e.g. 256 PRBs). Moderator suggest to evaluate the specific PTRS density configuration in the following agreement. 
Agreement in 104b-e:
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


In this chapter, we further evaluate the performance of PTRS enhancement for DFT-s-OFDM with increased PTRS groups, we assume the allocated PRB number is 256 and MCS equal to 22. 
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Figure 2.4.2-1 BLER vs SNR performance of DFT-s-OFDM
According to the BLER vs SNR curves with 256 PRBs as shown in Figure 2.4.2-1,  
· With 10ns and 20ns delay spread, the performance of PTRS configuration (Ng=8, Ns=4) cannot achieve 1% BLER and there is an error floor.
· PTRS configuration (Ng=16, Ns=2) can bring 0.5dB, 0.7dB and 4.7dB performance gain compared with PTRS configuration (Ns=8, Ns=4) with delay spread 5ns, 10ns and 15ns respectively.
· PTRS configuration (Ng=16, Ns=4) can bring 1.9dB, 2.4dB and 6.4dB performance gain compared with PTRS configuration (Ns=8, Ns=4) with delay spread 5ns, 10ns and 15ns respectively.
Since the PTRS overhead of these configurations are different, the spectral efficiency is further evaluated and can be shown below:
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Figure 2.4.2-2 Spectral efficiency of DFT-s-OFDM
As shown in Figure 2.4.2-2, increasing PTRS group can provide performance gain in terms of spectral efficiency even with higher PTRS overhead.
Observation 5: Increasing PTRS groups for DFT-s-OFDM waveform can bring benefit to performance of 120kHz SCS and MCS 22.
Proposal 13: Support to increase the number of PTRS groups for DFT-s-OFDM.
 DMRS enhancement
 DMRS ports
In RAN1 #106-e meeting, companies have discussed the impact of turning off FD-OCC, and finally reach a consensus to support a configuration of FD-OCC off for rank 1 PDSCH at least with DMRS type-1. The agreement is shown in the following. 
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 
Conclusion:
In Rel-17, for NR operation with 480 kHz and/or 960 kHz SCS, new DMRS pattern with increased frequency domain density is not supported.


If RRC configuration is used to indicate whether FD-OCC is applied, the flexibility cannot be guaranteed. Turning off the FD-OCC can only provide benefit in some specific scenarios such as higher SCS and high modulation order.  It’s not practical to mandate the UE to always turn off FD-OCC in when RRC is in connected mode. 
It’s known that in current spec, the antenna port(s) can be indicated in Tables 7.3.1.2.2-1/1A, there are still several reserved bits that can be utilized to indicate the UE that the same CDM group will not be scheduled by other UEs. This method can provide flexibility and the spec impact is acceptable. 
Table 7.3.1.2.2-1 in [4]
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled

	Value
	Number of DMRS CDM group(s)without data
	DMRS port(s)

	0
	1
	0

	1
	1
	1

	2
	1
	0,1

	3
	2
	0

	4
	2
	1

	5
	2
	2

	6
	2
	3

	7
	2
	0,1

	8
	2
	2,3

	9
	2
	0-2

	10
	2
	0-3

	11
	2
	0,2

	12-15
	Reserved
	Reserved



For FR2-2, it exists the problem of delay spread so that it is not suitable for supporting more UEs multiplexing. However, compared to DMRS type-1, DMRS type-2 has lower frequency density and is mainly used for more UEs multiplexing. Even if FD-OCC off  is supported for DMRS type-2, it may not be applicable to FR2-2, that is to say, it’s not meaningful to enable FD-OCC off for DMRS type 2. Further, from performance aspect, it is also unnecessary to enable DMRS type-2 FD-OCC off. 
Proposal 14: Support to use the reserved bit of antenna port(s) field in DCI to indicate whether FD-OCC is applied for DMRS Type-1.
Proposal 15: The DMRS configuration to disable FD-OCC is not applied to DMRS type-2.
 RRC parameter discussion
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 


It has been agreed in RAN1#106-e meeting that, 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. There are two options for the indication FD-OCC off. One is using the antenna port(s) field in DCI to support the feature, the other way is to use the RRC parameter to support the FD-OCC off configuration. If RRC configuration is used to indicate FD-OCC off, the corresponding RRC parameter may need to be defined.
Proposal 16: If RRC configuration option is selected to indicate FD-OCC off, the corresponding RRC parameter may need to be defined.
 Conclusion
In this contribution, we have discussed potential PUSCH/PDSCH enhancement, including HARQ-ACK transmission, HARQ-ACK codebook and multiple PXSCH scheduling, time line related aspects adapted to each of the new numerologies 480kHz and 960kHz, reference signals. Based on this, the following observations and proposals are provided:
Observation 1: When PRB number is not larger than 32, CPE compensation with lower PTRS density can achieve similar or better performance than ICI compensation with higher PTRS density.
Observation 2: Block PTRS with cyclic sequence cannot provide performance gain compared with legacy PTRS.
Observation 3: Block PTRS with power boosting cannot achieve better performance than legacy PTRS. 
Observation 4: Introducing a new PTRS pattern requires great spec efforts at least on sequence construction, RRC parameters and PTRS pattern type indication.
Observation 5: Increasing PTRS groups for DFT-s-OFDM waveform can bring benefit to performance of 120kHz SCS and MCS 22.
Observation 6: With the same total RS power, Rel-15 DMRS Type 1 pattern and the new DMRS pattern that fully occupied in frequency domain show comparable performance.
Proposal 1: HARQ process number increment should not be skipped for the PDSCH/PUSCH which collides with a flexible symbol (indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated) even if the UE is configured to monitor DCI format 2_0. 
Proposal 2: In order to strive peak throughput and competitiveness of NR operating beyond 52.6 GHz and minimize the increase in the number of bits in the DCI, signaling of MCS/NDI/RV for the second TB can reuse the signaling of MCS/NDI/RV for the first TB in a DCI that can schedule multiple PDSCHs when two codeword transmission is enabled. 
Proposal 3: A method for extending the K1 set and determining the association between each element of the extended K1 set and a set of SLIVs should be defined.
Proposal 4: Option 3 is preferred when CBG operation is configured.
· UE does not expect to be configured with both of CBG operation and multi-PDSCH scheduling in the same PUCCH cell group.
Proposal 5: HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s) considering HARQ-ACK feedback delay.
Proposal 6: For NR FR2-2, extend the value range of K1 from (0..15) to (0..31).
Proposal 7: For NR FR2-2, at least for 480/960 kHz SCS, increasing the PDSCH-to-HARQ_feedback timing indicator field to 4 or 5 bits should be supported.
Proposal 8: For above 52.6GHz, a new UE capability for timeline related aspects should be defined based on slot (or symbol)-group granularity.
Proposal 9: Consider the phase noise estimation and compensation time on timeline design when PTRS is configured.
Proposal 10: The following methods can be considered to interpret k0, K1 and k2, and we prefer Method 1.
· Method 1: slot-group level unit can be defined for the value of k0, K1 and k2, that is the value indicated in the DCI is not the slot offset but the slot group offset. One slot group can include M slots.
· Method 2: some new candidate values of k0, K1 and k2 should be defined considering the UE processing capability.
Method 3:  the value range of k0, K1 and k2 is not changed and the unit is still the slot, but the actually used k0, K1 and k2 is an offset of the indicated value in the DCI, and the offset value is different for different SCS.
Proposal 11: Do not introduce K=1 for Rel-15 PTRS pattern for CP-OFDM with small (< =32) RB allocation.
Proposal 12: Reuse the Rel-15 legacy PTRS pattern for 52.6GHz~71GHz.
Proposal 13: Support to increase the number of PTRS groups for DFT-s-OFDM..
Proposal 14: Support to use the reserved bit of antenna port(s) field in DCI to indicate whether FD-OCC is applied for DMRS Type-1.
Proposal 15: The DMRS configuration to disable FD-OCC is not applied to DMRS type-2.
Proposal 16: If RRC configuration option is selected to indicate FD-OCC off, the corresponding RRC parameter may need to be defined.
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 Appendix
A1. Numerical results
A1-1. Block PTRS with different taps
Table A1-1 SINR in dB achieving PDSCH BLER of 10%
	
	120kHz
	480kHz

	3-tap 4 blocks
	16.9
	15.6

	5-tap 4 blocks
	16.8
	15.6

	7-tap 4 blocks
	17.0
	15.6

	9-tap 4 blocks
	17.3
	16.0



A1-2. Block PTRS with different blocks
Table A1-2 SINR in dB achieving PDSCH BLER of 10%
	
	120kHz
	480kHz

	5-tap 1 blocks
	16.8
	15.5

	5-tap 2 block
	16.8
	15.5

	5-tap 4 blocks
	16.8
	15.6

	5-tap 8 blocks
	17.9
	16.1


A1-3. Legacy PTRS with different taps
Table A1-3 SINR in dB achieving PDSCH BLER of 10%
	
	120kHz
	480kHz

	3-tap
	16.6
	15.4

	5-tap
	16.7
	15.3

	7-tap
	16.3
	15.3

	9-tap
	16.5
	15.4


A1-4. Block PTRS vs Legacy PTRS with power boosting
Table A1-4 SINR in dB achieving PDSCH BLER of 10%
	
	Without PB
	With PB

	120kHz, Block PTRS
	16.9
	16.6

	120kHz, Legacy PTRS
	16.6
	16.6

	480kHz, Block PTRS
	15.6
	15.5

	480kHz, Legacy PTRS
	15.4
	15.5



A1-5. PTRS density for CP-OFDM
Table A1-5 SINR in dB achieving PDSCH BLER of 10%
	
	8 PRBs
	16 PRBs
	32 PRBs

	120kHz, K=2, CPE
	18.0
	17.4
	17.5

	120kHz, K=1, CPE
	17.8
	17.1
	17.6

	120kHz, K=0.5, CPE
	17.2
	17.2
	17.5

	120kHz, K=2, ICI
	NaN
	18.8
	17.9

	120kHz, K=1, ICI
	19.0
	17.4
	17.4

	120kHz, K=0.5, ICI
	17.5
	17.1
	17.1

	480kHz, K=2, CPE
	16.5
	16.3
	16.7

	480kHz, K=1, CPE
	16.3
	16.0
	16.8

	480kHz, K=0.5, CPE
	15.8
	16.1
	16.7

	480kHz, K=2, ICI
	NaN
	18.2
	16.9

	480kHz, K=1, ICI
	18.2
	16.6
	16.8

	480kHz, K=0.5, ICI
	16.3
	16.3
	16.5



A1-6. PTRS density for DFT-s-OFDM
Table A1-6 SINR in dB achieving PUSCH BLER of 10%
	
	5 ns DS
	10 ns DS
	20 ns DS

	Ng=8,Ns=4
	22.12
	22.17
	26.11

	Ng=16,Ns=2
	21.62
	21.43
	21.43

	Ng=16,Ns=4
	20.18
	19.73
	19.73





A2. Simulation assumption
Table A2-1 Link level simulation assumption
	Parameters
	Values or assumptions

	Carrier Frequency
	60GHz

	Waveform
	CP-OFDM/DFT-s-OFDM

	Allocated PRB number
	256 if not specified

	Subcarrier spacing
	120kHz/480kHz

	MCS
	MCS 22

	CP type
	Normal CP

	Channel Model
	TDL-A 5ns/10ns/20ns

	PN model
	3GPP TR38.803 example 2

	DMRS Configuration
	2 DMRS symbols per slot at (2,11)

	PTRS Configuration
	(K = 2, L = 1) if not specified

	SLIV
	(S=2, L=14)

	Channel Estimation
	Realistic

	PN Estimation
	Realistic

	PN compensation
	CPE & ICI

	UE receiver
	MMSE-IRC

	BS antenna Array configuration
	2

	UE antenna Array configuration
	2
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