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Introduction
After RAN1#93, many issues of DLUL data scheduling and HARQ procedure are finished. However, there are still few remaining issues to be resolved/clarified.
· DL/UL resource allocation
· uplink resource allocation of Type-1 with frequency hopping
· DL/UL scheduling and HARQ management
· UE processing time
· Cross-carrier scheduling between carriers of different numerology
· PUCCH resource adaptation considering UE processing time
· UL data transmission procedure
· UE procedure for applying transform precoding on PUSCH
· RRC parameters for retransmission of configured-grant
This contribution discusses these aspects.
DL/UL resource allocation
As detailed in Section 7.3.1.1 of 38.212 [1], when frequency hopping is enabled, 1 or 2 bits are borrowed from Type-1 frequency domain resource allocation (FD-RA) to indicate the hopping position bit-field. In uplink resource allocation of Type-1, the resource block assignment information indicates to a scheduled UE a set of contiguously allocated non-interleaved virtual resource blocks within the active carrier bandwidth part of size   PRBs. An uplink Type-1 resource allocation field consists of a resource indication value (RIV) corresponding to a starting virtual resource block (RBstart) and a length in terms of contiguously allocated resource blocks LRBs. The resource indication value is defined by

if  then


else 


where LRBs  1 and shall not exceed . 
The maximum size of the UL BWP’s BW is 275RBs and 16 bits RIV are enough to cover all possible starting RBs and RB lengths that is, .  However, when frequency hopping is enabled, 2 bits are taken away from FD-RA bits to indicate hopping position, leaving behind 14 bits for representing frequency allocation. The possible start and length RBs that are indicated by RIV generated using 14 bits are given by the Figure 1. It’s clear from the Figure 1 that, with 14 bits of FD-RA, there is a hole in the allocation that is we will not be able to point to a range RB lengths (as shown in yellow region in Figure 1). For this example, RB lengths between 61 and 217 are not possible.
Observation 1: Assuming BWP size of 275RBs, when using 14 bits for RIV value the allocation points to RB lengths of [1, 60] and [218, 275] only.


[bookmark: _Ref521591036][bookmark: _Ref521591031][bookmark: _GoBack]Figure 1: Frequency resources with lengths between 60RBs and 218RBs are not possible to be allocated.
In order to address this issue, we propose to use coarse step sizes for the RB length and the RB start when the frequency hopping is enabled. Further in the discussion we use step size  to indicate starting RB and step size  to indicate the length of RBs. It is desirable to choose the step sizes  and  so as to have full flexibility in the allocation and not to have holes in the allocation. 
When NUL_hp is 1 bit and <50 RBs, the =1 and =2 step sizes are sufficient for frequency domain resource allocation, apart from a corner case where = 5. For = 5, the total RA combinations is 9 with =1 and =2. With 1bit used for frequency hopping, there are 3 bits for FD-RA. Hence, only one frequency allocation is not possible (9 - 23 = 1).
On the other hand, when NUL_hp is 1 bit and ≥50 RBs, the =2 and =2 step sizes are sufficient for frequency domain resource allocation, apart from the case where = 90. For = 90, the total RA combinations is 1035 with =2 and =2. With 2 bits used for frequency hopping, there are 10 bits for FD-RA. Hence, only 11 frequency allocation is not possible (1035 - 210 = 11).
The step sizes ( and ) can be chosen based on the number of bits used for the frequency hopping as follows;
· One possibility is = NUL_hp and =2.
· Alternative is =2, and = NUL_hp
Proposal 1: Use coarse step sizes for the RB length and the RB start in uplink resource allocation of Type-1 when the frequency hopping is enabled.
DL/UL scheduling and HARQ management
UE processing time
Regarding to UE processing time capability#2, there is still one important remaining issue, which is whether the capability#2 is supported for CA scenario. Since low latency with high throughput is not yet seen as a valid use case, having reasonable UE cost so as to speed up NR deployment is even more important. Therefore, we have the below proposal:
Proposal 2: Regarding to whether the capability#2 of UE processing time in Rel-15 is supported only for single-CC, to adopt one of the below alternatives
· Alt1 : The capability#2 is only supported under Non-CA
· Note: this does not preclude EN-DC
· Alt2 : The capability#2 can be supported under CA with only one fixed CC configured with capability#2
· Note: other CC(s) is configured with capability#1 
It is noted that up to 2/4/7 PDSCH/PUSCHs per slot can be signalled by UE as optional feature. Moreover, the feature is reported for each SCS. When UE processing time capability#2 is taken into account, since the cost to support capability#1 and that of capability#2 is quite different, different implementations may result in different supporting combinations of #PDSCH per slot, as shown in Figure 2.
[image: ]
[bookmark: _Ref520815870]Figure 2. Different implementations support different combinations of #PDSCH per slot
Therefore, the support of #PDSCH/PUSCH per slot shall be reported for UE processing time capability#1 and capability#2, respectively. It is noted that 38.331 has already implemented how UE reports the support of #PDSCH/PUSCH per slot, and the effort of spec change is quite small if UE report for UE processing time capability#1 and capability#2, respectively. One potential 331 change is shown in Figure 3 for reference, and how this to be captured in 38.331 is up to RAN2’s decision.
Proposal 3: The support of #PDSCH/PUSCH per slot shall be reported for UE processing time capability#1 and capability#2, respectively.
[image: ]
[bookmark: _Ref520816274]Figure 3. Potential implementation to allow UE to report #PDSCH/PUSCH per slot by capability#1 and capability#2, respectively
Regarding to relaxation of UE processing time of PUSCH, as shown in the blue part in the below extracted paragraph, in section 6.4 of the latest 38.214, it says “If the HARQ-ACK is multiplexed on PUSCH, then d2,2 = 1, otherwise d2,2 = 1.”
[image: ]

There is a typo, and it shall be updated to “otherwise d2,2 = 0”. In addition, from the below agreements, further modification may be necessary due to taking A-CSI into consideration, and the final update shall be “If A-CSI is multiplexed on PUSCH, d2,2  = 2/2/3/4 for SCS = 15/30/60/120Hz, respectively; else if HARQ-ACK is multiplexed on PUSCH without A-CSI, d2,2  = 1; otherwise d2,2  = 0.”
--------------------------------------------------------------------------------
Agreements: (@RAN1#93)
In the case of multiplexing CSI with uplink data on PUSCH, the MIMO session should update agreements related to CSI multiplexing with UL-SCH (i.e., data on PUSCH), and NR should adopt the framework below:
· Z’’ is the number of OFDM symbols required for UE processing from the end of PDCCH containing the DCI triggering a CSI report on PUSCH to the earliest possible start of the corresponding CSI transmission on PUSCH from UE perspective
· Z’’ ≥ Z + d where Z is based on CSI-only processing time from the MIMO session
· N2’ is the number of OFDM symbols required for UE processing from the end of PDCCH containing the UL grant to the earliest possible start of the corresponding PUSCH from UE perspective
· N2’ ≥ N2 + d where N2 is based on the UE capability for sending data-only on PUSCH
· d symbols
· FFS value of d <= N2
· E.g., d=1
· E.g., d=1 for 15kHz, 2 for 30kHz, 3 for 60kHz, and 4 for 120kHz
· E.g., d=N2
· UE is not expected transmit the CSI multiplexed with uplink data if the network set the values of K2 and SLIV without leaving sufficient time for UE processing
Agreements: (@RAN1#93)
· d in the above agreement is updated to the following
· 2 for 15kHz
· 2 for 30kHz
· 3 for 60kHz
· 4 for 120kHz
Agreements: (@RAN1#93)
In the case of multiplexing CSI, HARQ-ACK, and uplink data on PUSCH
· N1’ the number of OFDM symbols required for UE processing from the end of PDSCH to the earliest possible start of the corresponding ACK/NACK transmission on PUSCH from UE perspective
· N1’ ≥ N1 + d where N1 is based on the UE capability for ACK-only
· Z’’ is the number of OFDM symbols required for UE processing from the end of PDCCH containing the DCI triggering a CSI report on PUSCH to the earliest possible start of the corresponding CSI transmission on PUSCH from UE perspective
· Z’’ ≥ Z + d where Z is based on CSI-only processing time from the MIMO session
· N2’ is the number of OFDM symbols required for UE processing from the end of PDCCH containing the UL grant to the earliest possible start of the corresponding PUSCH from UE perspective
· N2’ ≥ N2 + d where N2 is based on the UE capability for sending data-only on PUSCH
· d symbols
· 2 for 15kHz
· 2 for 30kHz
· 3 for 60kHz
· 4 for 120kHz
· UE is not expected transmit the CSI multiplexed with HARQ-ACK and with uplink data if the network set the values of K1, K2 and SLIV without leaving sufficient time for UE processing
--------------------------------------------------------------------------------
Proposal 4: Text proposal in Section 6.1 is adopted to capture the fixing regarding to UE PUSCH preparation procedure time.
Cross-carrier scheduling between carriers of different numerology
Cross-carrier scheduling across different numerologies has an issue of UE buffer size. Figure 4 illustrates the issue. In the figure, Cell 0 with 15 kHz SCS schedules Cell 1 with 60 kHz SCS. Assume the PDCCH in Cell 0 occupies 3 OFDM symbols. The time for decoding the PDCCH may take 11 OFDM symbols in the unit of 60kHz SCS. The channel estimation may take 2 OFDM symbols in the unit of 60kHz SCS. Thus the total buffer size is 12+11+2 = 25 OFDM symbols. When self-scheduling is performed on Cell 1, the total buffer size is about 14 OFDM symbol. As a result, in this example the extra buffer size due to cross-carrier scheduling across different numerologies is 11 OFDM symbols. The extra buffer size increases when
· One CC schedules multiple CCs and the scheduling CC has the smallest SCS.
For example, when a 15 kHz CC schedules four 60 kHz CCs, the extra buffer size is 44 OFDM symbols.
· The difference between the SCS of the scheduling CC and the SCS of the scheduled CC(s) increases.
For example, when a 15 kHz CC schedules 120 kHz CC, the extra buffer size is about 45 OFDM symbols.
[image: ]
[bookmark: _Ref521665181]Figure 4. Extra buffer size for cross-carrier scheduling across different numerologies
In RAN1#93, the following agreements were reached for the above issue.
Agreements:
· Cross-carrier scheduling should at least satisfy the causality constraints between scheduling PDCCH and PDSCH as for self-scheduling, also taking into carrier timing difference
· Note: in the case of mixed numerology, limitations on the number of symbols to buffer need to be taken into account
Agreements:
· For cross-carrier scheduling across different numerology
· FFS: how to specify additional constraints related to K0 to address the number of symbols which may need to be buffered 
We propose having an additional constraint on the minimum value of K0, i.e., K0>=X with the value of X depending on the SCSs of scheduling and scheduled CCs. Based on our evaluation, the proposed minimum values X are given in Table 1.
Proposal 5: For cross-carrier scheduling across different numerologies, K0 has the constraint of K0>=X with the values of X given in Table 1.
	Table 1. Proposed minimum values X

	Scheduling CC
Scheduled CC
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	15 kHz
	0
	
	
	

	30 kHz
	2
	0
	
	

	60 kHz
	3
	2
	0
	

	120 kHz
	6
	3
	2
	0


PUCCH resource adaptation considering UE processing time
The PUCCH resource determination is based on a PUCCH resource indicator field in the last DL assignment. When HARQ-ACKs of different PDSCH of different time instance are to be transmitted within one slot, the PUCCH resource may be updated from UE perspective. As shown in Figure 5, in Slot#n, UE thinks it is scheduled with PUCCH resource 1. However, in Slot#(n+1), UE is re-scheduled to PUCCH resource 2 based on ARI and number of UCI bits. Adaptation of PUCCH resource may advance the transmission time of PUCCH. However, NW shall anyway provide enough UE processing time. As shown in the example, T2 has to be equal to or larger than 8 symbols, in case of “15KSCS, without additional DMRS”. It is noted in the figure, TA is not considered for simplicity.
[image: ]
[bookmark: _Ref520811390]Figure 5. Example of the updated PUCCH resource with advanced timing
Sometime, adaptation of PUCCH resource may postpone the transmission time of PUCCH. However, NW shall also anyway provide enough UE processing time, as shown in Figure 6.
[image: ]
[bookmark: _Ref521573085]Figure 6. Example of the updated PUCCH resource with postponed timing
After further analysis, there is remaining issue for the example shown in Figure 7. In the figure, T1 provides enough UE processing time considering PDSCH in slot#n and PUCCH resource 1; T2 also provides enough UE processing time considering PDSCHs in slot#n and in slot#(n+1) and PUCCH resource 2. However, before successful decoding of DCI in slot#(n+1), UE does not know PUCCH resource 1 is to be replaced by PUCCH resource 2. UE would prepare PUCCH resource 1 and transmit it. In the example, it is not possible for UE to cancel PUCCH resource 1 and then to transmit PUCCH resource 2. There are two alternatives can resolve the issue
· Alt1 : UE is not expected to have additional HARQ-ACK bit to be multiplexed together based on the DCI that is no earlier than the current PUCCH resource by N1 symbols.
·  Note: It takes time for UE to prepare PUCCH. If after UE starts to prepare PUCCH, UE is assigned an updated PUCCH resource due to additional HARQ-ACK bit to be multiplexed together, UE has to give up on-going preparation and change to prepare another PUCCH resource, which increase a lot UE’s design burden. There is no strong motivation for NR to support such flexibility. Hence, NR shall define a timing threshold that UE is not expected to have additional HARQ-ACK bit to be multiplexed together based on the DCI that is no earlier than the current PUCCH resource by “Timing threshold”. N1 of no additional DMRS without any extra processing time can be used for the Timing threshold.
· Alt2 : For the HARQ-ACK codebook generation and PUCCH resource adaptation, when one more PDSCH is taken into consideration in “iteration i”, UE processing time requirement shall also be satisfied between the PDSCH in “iteration i” and PUCCH resource determined in “iteration i-1”.
· Note: It is assumed UE processing time requirement is satisfied between the PDSCH in “iteration i” and PUCCH resource determined in “iteration i”.
[image: ]
[bookmark: _Ref521573361]Figure 7. Example of the critical issue in case there is no any restriction on adaptation of PUCCH resource
Proposal 6: To adopt one of the below two alternatives to resolve issue of PUCCH resource adaptation considering UE processing time
•	Alt1 : UE is not expected to have additional HARQ-ACK bit to be multiplexed together based on the DCI that is no earlier than the current PUCCH resource by N1 symbols.
•	Alt2 : For the HARQ-ACK codebook generation and PUCCH resource adaptation, when one more PDSCH is taken into consideration in “iteration i”, UE processing time requirement shall also be satisfied between the PDSCH in “iteration i” and PUCCH resource determined in “iteration i-1”.
· Note: It is assumed UE processing time requirement is satisfied between the PDSCH in “iteration i” and PUCCH resource determined in “iteration i”.
UL data transmission procedure
Issues with UE procedure for applying transform precoding on PUSCH
Section 6.1.3 of 38.214 [2] defines the UE procedure for applying transform precoding on PUSCH. According to Section 6.1.3, for configured-grant, the UE should use msg3-transformPrecoding for applying transform precoding on PUSCH when it is not configured with the higher layer parameter transform-precoding-TWG. The relevant text of Section 6.1.3 is copied below for ease of reference.
[image: ]
However, in Section 6.1.4.1 of 38.214 there is a contradicting description (compared to Section 6.1.3) of the UE procedure for applying transform precoding on PUSCH. According to Section 6.1.4.1, for configured-grant, the UE should consider transform precoding disabled when it is not configured with the higher layer parameter transformPrecoder in ConfiguredGrantConfig. The relevant text of Section 6.1.4.1 is copied below for ease of reference. 
[image: ]
Thus, there are two different procedures defined in 38.214 for the same case, i.e. the procedure to apply (or not) transform precoding when the UE is not configured with transformPrecoder in ConfiguredGrantConfig. The first procedure says the UE should follow the RRC parameter for msg3 (i.e. msg3-transformPrecoding), which can be enabled or disabled transform precoding. The second procedure says the UE should consider transform precoding is disabled.
The agreement from RAN1#90bis is as follows;
Agreements:
· For Type 1 and Type 2 UL transmission without grant,
· By UE-specific RRC signaling, a UE can be separately configured with UL waveform that is different from the one configured by RMSI for Msg3.
· Note: even if the UE is configured with Type 1 and Type 2 UL transmission without grant, the UE may transmit PUSCH that is scheduled by UL grant, in which case the UL waveform determination for UL transmission with grant is used.
The agreement states the “UE can be separately configured with UL waveform that is different from the one configured by RMSI for Msg3”. Thus, the UE should follow Msg3 waveform configuration (i.e. msg3-transformPrecoding) unless it is configured with the higher layer parameter transformPrecoder in ConfiguredGrantConfig. The procedure in Section 6.1.3 matches the above agreement from RAN1#90bis. Thus, the description of UE procedure for applying transform precoding on PUSCH in Section 6.1.4.1 should be removed.
Observation 2: There is contradiction between Section 6.1.3 and Section 6.1.4.1 of 38.214 in the procedure to apply (or not) transform precoding when the UE is not configured with transformPrecoder in ConfiguredGrantConfig.
Observation 3: The procedure to apply (or not) transform precoding when the UE is not configured with transformPrecoder in ConfiguredGrantConfig in Section 6.1.3 of 38.214 reflects the agreement from RAN1#90bis.
Proposal 7: Remove the following part from Section 6.1.4.1 of 38.214;
For the PUSCH assigned by a DCI format 0_0/0_1 with CRC scrambled by CS-RNTI, or the PUSCH with configured grant using CS-RNTI, the transform precoding is enabled if transformPrecoder in ConfiguredGrantConfig is set to 'enabled'; otherwise the transform precoding is disabled.
RRC parameters for retransmission of configured-grant
In Rel-15, the RRC parameter ConfiguredGrantConfig is used for the initial transmission of configured-grant. On the other hand, the RRC parameter PUSCH-Config is used for the transmission of PUSCH with dynamic-grant. The common understanding (according to the offline discussions in RAN1#93 [3]) that the retransmission of a configured-grant is considered as a dynamic-grant, hence, the RRC parameter PUSCH-Config should be used for the retransmission. However, according to the agreement below from RAN1#93, the MCS table for a retransmission of a configured-grant should be used from the RRC parameter ConfiguredGrantConfig.
Agreements:
For both initial transmission and re-transmissions for GF scheduling for URLLC,
· For UL configured grant, the MCS table is configured by the existing parameter associated with the RRC configured grant configuration, which is extended to include the new 64QAM MCS table.
· For DL SPS, RRC indicates whether or not the new 64QAM table is configured. The indication for the new MCS table for DL SPS is separate from the one for grant-based DL scheduling.
Hence, it is preferred to have an agreement to identify which RRC parameter (ConfiguredGrantConfig or PUSCH-Config) should be used for a retransmission of a configured-grant.
Proposal 8: Clarify the exact high layer parameters that should be used for the retransmission of configured-grant.
Conclusion
Observation 1: Assuming BWP size of 275RBs, when using 14 bits for RIV value the allocation points to RB lengths of [1, 60] and [218, 275] only.
Observation 2: There is contradiction between Section 6.1.3 and Section 6.1.4.1 of 38.214 in the procedure to apply (or not) transform precoding when the UE is not configured with transformPrecoder in ConfiguredGrantConfig.
Observation 3: The procedure to apply (or not) transform precoding when the UE is not configured with transformPrecoder in ConfiguredGrantConfig in Section 6.1.3 of 38.214 reflects the agreement from RAN1#90bis.
Proposal 1: Use coarse step sizes for the RB length and the RB start in uplink resource allocation of Type-1 when the frequency hopping is enabled.
Proposal 2: Regarding to whether the capability#2 of UE processing time in Rel-15 is supported only for single-CC, to adopt one of the below alternatives
· Alt1 : The capability#2 is only supported under Non-CA
· Note: this does not preclude EN-DC
· Alt2 : The capability#2 can be supported under CA with only one fixed CC configured with capability#2
· Note: other CC(s) is configured with capability#1 
Proposal 3: The support of #PDSCH/PUSCH per slot shall be reported for UE processing time capability#1 and capability#2, respectively.
Proposal 4: Text proposal in Section 6.1 is adopted to capture the fixing regarding to UE PUSCH preparation procedure time.
Proposal 5: For cross-carrier scheduling across different numerologies, K0 has the constraint of K0>=X with the values of X given in Table 1.
	Table 1. Proposed minimum values X

	Scheduling CC
Scheduled CC
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	15 kHz
	0
	
	
	

	30 kHz
	2
	0
	
	

	60 kHz
	3
	2
	0
	

	120 kHz
	6
	3
	2
	0


Proposal 6: To adopt one of the below two alternatives to resolve issue of PUCCH resource adaptation considering UE processing time
•	Alt1 : UE is not expected to have additional HARQ-ACK bit to be multiplexed together based on the DCI that is no earlier than the current PUCCH resource by N1 symbols.
•	Alt2 : For the HARQ-ACK codebook generation and PUCCH resource adaptation, when one more PDSCH is taken into consideration in “iteration i”, UE processing time requirement shall also be satisfied between the PDSCH in “iteration i” and PUCCH resource determined in “iteration i-1”.
· Note: It is assumed UE processing time requirement is satisfied between the PDSCH in “iteration i” and PUCCH resource determined in “iteration i”.
Proposal 7: Remove the following part from Section 6.1.4.1 of 38.214;
For the PUSCH assigned by a DCI format 0_0/0_1 with CRC scrambled by CS-RNTI, or the PUSCH with configured grant using CS-RNTI, the transform precoding is enabled if transformPrecoder in ConfiguredGrantConfig is set to 'enabled'; otherwise the transform precoding is disabled.
Proposal 8: Clarify the exact high layer parameters that should be used for the retransmission of configured-grant.
Text Proposal
UE processing time
****************************************** TEXT START *****************************************
[bookmark: _Toc510988243]6.4	UE PUSCH preparation procedure time
< Unchanged parts are omitted >
-	If the first symbol of the PUSCH allocation consists of DM-RS only, then d2,1 = 0, otherwise d2,1 = 1. 
-	If the HARQ-ACK is multiplexed on PUSCH, then d2,2 = 1, otherwise d2,2 = 1. If A-CSI is multiplexed on PUSCH, d2,2  = 2/2/3/4 for SCS = 15/30/60/120Hz, respectively; else if HARQ-ACK is multiplexed on PUSCH without A-CSI, d2,2  = 1; otherwise d2,2  = 0.
******************************************* TEXT END ******************************************
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1. [bookmark: _Ref521686160]R1-1807640 “Offline summary for AI 7.1.3.3.4 UL data transmission procedure”, DOCOMO, RAN1#93, May, 2018.
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SCS SCS
Implementation 1 Implementation 2
15KHz | 30KHz | 60KHz | 120KHz 15KHz | 30KHz | 60KHz | 120KHz
Supported | Capability#1 1 1 1 1 Supported | Capability#1 1 1 1 1
#PDSCH — #PDSCH —
perslot | Capability#2 | 0 0 0 N/A perslot | Capability#2 | 1 1 1 N/A
SCS SCS
Implementation 3 Implementation 4
15KHz | 30KHz | 60KHz | 120KHz 15KHz | 30KHz | 60KHz | 120KHz
Supported | Capability#1 2 2 1 1 Supported | Capability#1 4 4 2 2
#PDSCH — #PDSCH —
per slot Capability#2 1 1 0 N/A per slot Capability#2 2 2 1 N/A
SCS SCS
Implementation 5 Implementation 6
15KHz | 30KHz | 60KHz | 120KHz 15KHz | 30KHz | 60KHz | 120KHz
Supported | Capability#1 7 7 4 4 Supported | Capability#1 7 7 7 7
#PDSCH — #PDSCH —
perslot | Capability#2 | 4 4 2 N/A perslot | Capability#2 | 7 7 7 N/A
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FeatureSetDownlink ::= SEQUENCE {

pdsch-DifferentTB-PerSlot SEQUENCE {

scs-15kHz ENUMERATED {upto2, upto4, upto7}OPTIONAL,
scs-30kHz ENUMERATED {upto2, upto4, upto7}OPTIONAL,
scs-60kHz ENUMERATED {upto2, upto4, upto7}OPTIONAL,
scs-120kHz ENUMERATED {upto2, upto4, upto7}OPTIONAL
} OPTIONAL,
‘Separate report for capability#1 and capability#2
FeatureSetDownlink :: SEQUENCE {
pdsch-DifferentTB-PerSlot-capability 1 SEQUENCE {
scs-15kHz ENUMERATED {upto2, upto4, upto7} OPTIONAL,
scs-30kHz ENUMERATED {upto2, uptod, upto7} OPTIONAL,
scs-60kHz ENUMERATED {upto2, upto4, upto7} OPTIONAL,
scs-120kHz ENUMERATED {upto2, upto4, upto7} OPTIONAL
} OPTIONAL,
pdsch-DifferentTB-PerSlot-capability2 SEQUENCE {
scs-15kHz ENUMERATED {upto2, upto4, upto7} OPTIONAL,
scs-30kHz ENUMERATED {upto2, upto4, upto7} OPTIONAL,
scs-60kHz ENUMERATED {upto2, upto4, upto7} OPTIONAL

} . OPTIONAL,
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6.4 UE PUSCH preparation procedure time

If the first uplink symbol in the PUSCH allocation. including the DM-RS, as defined by the slot offset K> and the start
and length indicator SLIV of the scheduling DCL. is no earlier than at symbol L, then the UE shall transmit PUSCH
where L is defined as the next uplink symbol with its CP starting

T,,,=max (((N2 +d,, +d,,)(2048 +144)- k27" ) T,dy ) after the end of the last symbol of the PDCCH carrying
the DCI scheduling the PUSCH. where N>, where

- N:is based on u of table 6.4-1 and table 6.4-2 for UE processing capability 1 and 2 respectively. where u
corresponds to the one of (upr. uuz) resulting with the largest Ty, 2. Where the upz corresponds to the subcarrier
spacing of the downlink with which the PDCCH carrying the DCI scheduling the PUSCH was transmitted and
oz corresponds to the subcarrier spacing of the uplink channel with which the PUSCH is to be transmitted. and
« is defined in subclause 4.1 of [4. TS 38.211].

- If the first symbol of the PUSCH allocation consists of DM-RS only. then d5; =0, otherwise d>;= 1.

- | If the HARQ-ACK is multiplexed on PUSCH, then d>,= 1. otherwise d>>=1. |
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Assumption : 15KSCS, N1=8 (without additional DMRS) (TA not considered for simplicity)
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image12.emf
For PUSCH transmission without grant   -   If the UE is configured with the higher layer parameter [transform - precoding - TWG], the UE shall, for this PUSCH  transmission, consider the transform precodin g either enabled or disabled according to this parameter.   -   If the UE is not configured with the higher layer parameter [transform - precoding - TWG], the UE shall, for this  PUSCH transmission, consider the transform precoding either enabled or disabled accord ing to the higher layer  configured parameter  msg3 - transformPrecoding .  


image13.emf
For the PUSCH assigned by a DCI format 0_0/0_1 with CRC scrambled by CS - RNTI, or the PUSCH with configured  grant using CS - RNTI, the transform precoding is enabled if  transformPrecoder   in  ConfiguredGrantConfig   is set to  'enabled';  otherwise the transform precoding is disabled .  


