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1 Introduction

This contribution addresses leftover issues on DL/UL resource allocation, scheduling/HARQ management and UL data transmission procedures. 
2 DL/UL Resource Allocation
2.1 PDSCH time domain resource allocation table determination for OSI and paging
One open issue on resource allocation is the PDSCH time domain resource allocation table determination for OSI and paging which are scheduled by DCI in Type0A-PDCCH CSS and Type2-PDCCH CSS respectively. 
In RAN1#93, it was agreed that for RAR and Msg 4 which are scheduled by DCI in Type1-PDCCH CSS, the table configured in pdsch-ConfigCommon is used if provided and default PDSCH time domain resource allocation A predefined in the spec is used otherwise. 

For PDSCH time domain resource allocation table determination for OSI and paging, there are following options:
· Option 1: 
· if pdsch-ConfigCommon has provided a table
· use this table
· else

· use default PDSCH table A
· Option 2:
· if pdsch-ConfigCommon has provided a table
· use this table
· else

· use default PDSCH table A, B or C according to SSB and CORESET multiplexing pattern
Option 1 proposes to apply the same PDSCH time domain resource allocation table determination method for RAR and Msg4 to OSI and paging scheduling. Assuming the search space for OSI, paging or random access is not configured in PDCCH-ConfigCommon, the association between PDCCH monitoring occasions and the SS/PBCH block index are the same as the association of PDCCH monitoring occasions for Type0-PDCCH CSS which is shown in Figure 1 for the case when {SS/PBCH block, PDCCH} subcarrier spacings are {240, 120} kHz. 
It can be seen that the monitoring occasions for SSB#4 and SSB#5 are the last two symbols within the slot. In case pdsch-ConfigCommon has not provided a table, the PDSCH time domain resource allocation table is default PDSCH table A. According to default PDSCH table A, all the K0 values are 0 which means that only same-slot scheduling is supported. Then only one entry with K0=0, S=12 and L=14 can be used for PDCCH in monitoring occasion for SSB#4and there is no valid entry for PDCCH in monitoring occasion for SSB#5 as PDSCH cannot start earlier than the start of PDCCH. 
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Figure 1: Association of PDCCH monitoring occasions for Type0-PDCCH CSS and SSB index
The above issues applies to OSI, paging, RAR and Msg4. In order to solve the issue, there are two possible solutions. One is that in case default PDSCH table A is not applicable, gNB configure PDSCH table in pdsch-ConfigCommon and once the table is provided, it applies to OSI, paging, RAR and Msg4. The drawback is that for the specific case, gNB is mandated to configure PDSCH table in SIB1. The other solution is to go with option 2. The drawback is that most of the entries in default PDSCH table B and C have short PDSCH durations which limit the scheduling flexibility of OSI, paging, RAR and Msg4. But of course, gNB can configure PDSCH table in SIB1 if more flexible scheduling is desired. So both option 1 and option 2 works. Regardless of which option is adopted, we think it should be applied for OSI, paging and random access. In addition, if option 1 is adopted, the entries in default PDSCH table B and C which cannot be used for SIB1 scheduling should be removed since they will be never used.
We slightly prefer option 1 since it is aligned with the previous agreement. The corresponding text proposal is provided below.

Proposal 1: For OSI and paging, the table configured in pdsch-ConfigCommon is used if provided and default PDSCH time domain resource allocation A is used otherwise.
------------------------------------ Start of text proposal for 38.214 Sec. 5.1.2.1.1 ------------------------------------------
5.1.2.1.1
Determination of the resource allocation table to be used for PDSCH

Table 5.1.2.1.1-1 defines which PDSCH time domain resource allocation configuration to apply. Either a default PDSCH time domain allocation A, B or C according to tables 5.1.2.1.1-2, 5.1.2.1.1-3, 5.1.2.1.1.-4 and 5.1.2.1.1-5 is applied, or the higher layer configured pdsch-AllocationList in either pdsch-ConfigCommon or pdsch-Config is applied.

Table 5.1.2.1.1-1: Applicable PDSCH time domain resource allocation

	RNTI
	PDCCH search space
	SS/PBCH block and CORESET multiplexing pattern
	pdsch-ConfigCommon includes pdsch-AllocationList
	pdsch-Config includes pdsch-AllocationList
	PDSCH time domain resource allocation to apply

	SI-RNTI


	Type0 common
	1
	-
	-
	Default A for normal CP

	
	
	2
	-
	-
	Default B

	
	
	3
	-
	-
	Default C

	
	Type0A common
	1, 2, 3
	No
	-
	Default A

	
	
	1, 2, 3
	Yes
	-
	pdsch-AllocationList provided in pdschConfigCommon

	RA-RNTI, TC-RNTI, 
	Type1 common
	1, 2, 3
	No
	-
	Default A

	
	
	1, 2, 3
	Yes
	-
	pdsch-AllocationList provided in pdschConfigCommon

	P-RNTI
	Type2 common
	1, 2, 3
	No
	-
	Default A

	
	
	1, 2, 3
	Yes
	-
	pdsch-AllocationList provided in pdschConfigCommon

	C-RNTI, CS-RNTI
	Any common search space associated with CORESET#0
	1, 2, 3
	No
	-
	Default A

	
	
	1, 2, 3
	Yes
	-
	pdsch-AllocationList provided in pdschConfigCommon

	
	
	
	
	
	

	C-RNTI, CS-RNTI
	Any common search space not associated with CORESET#0

UE specific search space
	1,2,3
	No
	No
	Default A

	
	
	1,2,3
	Yes
	No
	pdsch-AllocationList provided in pdsch-ConfigCommon 

	
	
	1,2,3
	No/Yes
	Yes
	pdsch-AllocationList provided in pdsch-Config


Table 5.1.2.1.1-2: Default PDSCH time domain resource allocation A for normal CP 

	Row index
	dmrs-TypeA-Position
	PDSCH mapping type
	K0
	S
	L

	1
	2
	Type A
	0
	2
	12

	
	3
	Type A
	0
	3
	11

	2
	2
	Type A
	0
	2
	10

	
	3
	Type A
	0
	3
	9

	3
	2
	Type A
	0
	2
	9

	
	3
	Type A
	0
	3
	8

	4
	2
	Type A
	0
	2
	7

	
	3
	Type A
	0
	3
	6

	5
	2
	Type A
	0
	2
	5

	
	3
	Type A
	0
	3
	4

	6
	2
	Type B
	0
	9
	4

	
	3
	Type B
	0
	10
	4

	7
	2
	Type B
	0
	4
	4

	
	3
	Type B
	0
	6
	4

	8
	2,3
	Type B
	0
	5
	7

	9
	2,3
	Type B
	0
	5
	2

	10
	2,3
	Type B
	0
	9
	2

	11
	2,3
	Type B
	0
	12
	2

	12
	2,3
	Type A
	0
	1
	13

	13
	2,3
	Type A
	0
	1
	6

	14
	2,3
	Type A
	0
	2
	4

	15
	2,3
	Type B
	0
	4
	7

	16
	2,3
	Type B
	0
	8
	4


Table 5.1.2.1.1-3: Default PDSCH time domain resource allocation A for extended CP 

	Row index
	dmrs-TypeA-Position
	PDSCH mapping type
	K0
	S
	L

	1
	2
	Type A
	0
	2
	6

	
	3
	Type A
	0
	3
	5

	2
	2
	Type A
	0
	2
	10

	
	3
	Type A
	0
	3
	9

	3
	2
	Type A
	0
	2
	9

	
	3
	Type A
	0
	3
	8

	4
	2
	Type A
	0
	2
	7

	
	3
	Type A
	0
	3
	6

	5
	2
	Type A
	0
	2
	5

	
	3
	Type A
	0
	3
	4

	6
	2
	Type B
	0
	6
	4

	
	3
	Type B
	0
	8
	2

	7
	2
	Type B
	0
	4
	4

	
	3
	Type B
	0
	6
	4

	8
	2,3
	Type B
	0
	5
	6

	9
	2,3
	Type B
	0
	5
	2

	10
	2,3
	Type B
	0
	9
	2

	11
	2,3
	Type B
	0
	10
	2

	12
	2,3
	Type A
	0
	1
	11

	13
	2,3
	Type A
	0
	1
	6

	14
	2,3
	Type A
	0
	2
	4

	15
	2,3
	Type B
	0
	4
	6

	16
	2,3
	Type B
	0
	8
	4


Table 5.1.2.1.1-4: Default PDSCH time domain resource allocation B

	Row index
	dmrs-TypeA-Position
	PDSCH mapping type
	K0
	S
	L

	1
	2,3
	Type B
	0
	2
	2

	2
	2,3
	Type B
	0
	4
	2

	3
	2,3
	Type B
	0
	6
	2

	4
	2,3
	Type B
	0
	8
	2

	5
	2,3
	Type B
	0
	10
	2

	6
	2,3
	Type B
	1
	2
	2

	7
	2,3
	Type B
	1
	4
	2

	8
	2,3
	Type B
	0
	2
	4

	9
	2,3
	Type B
	0
	4
	4

	10
	2,3
	Type B
	0
	6
	4

	11
	2,3
	Type B
	0
	8
	4

	12
	
	
	
	
	

	13
	
	
	
	
	

	14
	
	
	
	
	

	
	
	
	
	
	

	15 
	2,3
	Type B
	1
	2
	4

	16
	Reserved

	


Table 5.1.2.1.1-5: Default PDSCH time domain resource allocation C 

	Row index
	dmrs-TypeA-Position
	PDSCH mapping type
	K0
	S
	L

	1
	
	
	
	
	

	2 
	2,3
	Type B
	0
	4
	2

	3
	2,3
	Type B
	0
	6
	2

	4
	2,3
	Type B
	0
	8
	2

	5
	2,3
	Type B
	0
	10
	2

	6
	Reserved

	7
	Reserved

	8
	2,3
	Type B
	0
	2
	4

	9
	2,3
	Type B
	0
	4
	4

	10
	2,3
	Type B
	0
	6
	4

	11
	2,3
	Type B
	0
	8
	4

	12
	2,3
	Type B
	0
	10
	4

	13
	
	
	
	
	

	14
	
	
	
	
	

	
	
	
	
	
	

	15
	
	
	
	
	

	16
	
	
	
	
	

	


------------------------------------ End of text proposal for 38.214 Sec. 5.1.2.1.1 ------------------------------------------
2.2 BWP for Msg3 transmission
This section discusses the BWP determination of Msg3 transmission which is not clearly defined in the current 38.213 section 8.3. The Msg3 initial transmission is scheduled by UL grant in RAR and Msg3 retransmission(s) is scheduled by DCI. The BWP for Msg3 initial transmission and corresponding retransmission(s) should be the same. 
NR supports both contention-free and contention-based random access. For contention-free random access, since the RACH resource for Msg1 is dedicated the gNB can identify the UE from the detected PRACH preamble, in which case the BWP for Msg3 transmission should be the active UL BWP. For contention-based random access, the BWP for Msg3 transmission should be the initial UL BWP if the UE initiates random access in the initial UL BWP. To be more specific, the BWP for Msg3 transmission should be the initial UL BWP for both idle connected UEs with no PRACH occasions configured for the active UL BWP.
For the UE with PRACH occasions configured for the active UL BWP, if the RACH configuration is the same as the common RACH configuration for the initial UL BWP for the case e.g. the active UL BWP fully contains UL initial BWP, the gNB cannot differentiate a UE with PRACH occasions configured for the active UL BWP from idle UEs and connected UEs with no PRACH occasions configured for the active UL BWP. Thus in this case, the BWP for Msg3 transmission should be the initial UL BWP rather than the active UL BWP. But for the case if the RACH configuration is different from the common RACH configuration for the initial UL BWP, the BWP for Msg3 transmission should be the active UL BWP. Based on the discussion, we have the following proposal.
Proposal 2: If RACH-ConfigCommon is provided in ServingCellConfig for the active UL BWP and it is the same as RACH-ConfigCommon in ServingCellConfigCommon/ServingCellConfigCommonSIB, the UE interprets the RIV contained in the RAR scheduling Msg3 transmission or in a DCI format scheduling a retransmission of Msg3 according to the initial UL BWP. Otherwise, UE interprets the RIV contained in the RAR scheduling Msg3 transmission or in a DCI format scheduling a retransmission of Msg3 according to the active UL BWP.  
A corresponding TP is provided below.

-------------------------------------------Start of text proposal for 38.213 Sec. 8.3 ----------------------------------------

8.3
Msg3 PUSCH

Higher layer parameter msg3-transformPrecoding indicates to a UE whether or not the UE shall apply transform precoding, as described in [4, TS 38.211], for an Msg3 PUSCH transmission. 

If the UE applies transform precoding to an Msg3 PUSCH transmission with frequency hopping, the frequency offset for the second hop [6, TS38.214] is given in Table 8.3-1.

Table 8.3-1: Frequency offset for second hop for Msg3 PUSCH transmission with frequency hopping

	Number of PRBs in initial active UL BWP
	Value of 
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The subcarrier spacing for Msg3 PUSCH transmission is provided by higher layer parameter SubcarrierSpacing in BWP-UplinkCommon. A UE transmits PRACH and Msg3 PUSCH on a same uplink carrier of the same serving cell. 

An UL BWP, as described in Subclause 12 and in [4, TS 38.211], for Msg3 PUSCH transmission is indicated by higher layers. The UL BWP for Msg3 PUSCH transmission is the active UL BWP except when RACH-ConfigCommon provided in ServingCellConfig is the same as RACH-ConfigCommon provided in ServingCellConfigCommon or ServingCellConfigCommonSIB in which case the UL BWP for Msg3 PUSCH transmission is the initial UL BWP.
A UE transmits an UL-SCH in an Msg3 PUSCH scheduled by a RAR grant in a corresponding RAR message using redundancy version number 0. Retransmissions, if any, of the UL-SCH in an Msg3 PUSCH are scheduled by a DCI format 0_0 with CRC scrambled by a TC-RNTI provided in the corresponding RAR message [11, TS 38.321].
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 symbols corresponding to a PDSCH reception time for PDSCH processing capability 1 when additional PDSCH DM-RS is configured and, 
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 is a time duration of 
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 symbols corresponding to a PUSCH preparation time for PUSCH processing capability 1 [6, TS 38.214]. 

------------------------------------------- End of text proposal for 38.213 Sec. 8.3 ----------------------------------------

2.3 VRB-to-PRB interleaving for PDSCH
One outstanding issue from RAN1 #93 is whether PDSCH VRB-to-PRB interleaving is supported during initial access. This has to be resolved before deciding whether feature group #5-7 in [1] is mandatory or optional as discussed in a companion contribution [2]. We believe this should be supported for PDSCH reception in idle mode for frequency diversity. One argument against mandatory support was related to its application before SIB1 reception since the CRB grid is not known before SIB1 is received. However, the interleaving can be based on the initial DL BWP. Secondly, we note that once the CRB is known, a UE in idle mode can still receive interleaved PDSCH for DL RA messages, paging and even the initial UE-specific PDSCH after RA Msg4 is received, similarly to LTE operation. Finally, it should be noted that one motivation for RAN2 agreeing to introduce another option (Option2) for configuring the initial BWP is to allow an operator the choice of LTE-like behavior without necessarily configuring a UE-specific BWP[3]. Therefore, NR should be able to support basic LTE functionalities in addition to more advanced features and thus, PDSCH interleaving should be supported for a UE in idle mode. It is then up to the network whether or not to apply PDSCH interleaving.  

Proposal 3: VRB-to-PRB mapping interleaving is supported for PDSCH reception in idle mode.
3 Corrections to DL/UL scheduling and HARQ management

In 38.214, the subcarrier spacing used to determine the PUSCH preparation time Tproc,2 is defined as the value between the DL SCS and the UL SCS that results in the larger value of  Tproc,2. On the other hand in 38.213 Sections 11.1 and 11.1.1, the PUSCH preparation time is defined with respect to the PDCCH SCS for the UE procedure in receiving DL channel or transmitting UL channels on flexible symbols. For instance in a set of flexible symbols where a UE is configured to receive PDSCH, if a received PDCCH schedules PUSCH in the same set of symbols but the gap between the last symbol of the CORESET containing the scheduling PDCCH and the starting symbol of the corresponding PUSCH is smaller than the PUSCH preparation time, the UE ignores the DCI and goes ahead with the PDSCH reception. Since this procedure is aligned with the UE behavior for PUSCH preparation time in Sec. 6.4 of 38.214 it is desirable to also apply the same time boundary for determining whether or not to go ahead with a scheduled PUSCH. 
Secondly, the notation N2 should be deleted in 38.213 as this is only one component of the PUSCH preparation time (other components include d2, 1 and d2, 2).  

Proposal 4: align reference SCS value used for PUSCH preparation time in 38.213 sections 11.1 and 11.1.1 with that of 38.214 and delete N2 as it is only one component of the PUSCH preparation time. 
A corresponding TP is provided below.
	TP for Sec. 11.1 of 38.213

<Unchanged text omitted>

A PUSCH preparation time throughout Subclause 11.1 is defined in [6, TS 38.214].

<Unchanged text omitted>


	TP for Sec. 11.1.1 of 38.213

<Unchanged text omitted>

A PUSCH preparation time throughout Subclause 11.1.1 is defined in [6, TS 38.214].
<Unchanged text omitted>


In addition we noticed that the value of d2, 2 in Sec. 6.4 of 38.214 should be zero if HARQ-ACK is not multiplexed on PUSCH. A corresponding TP (including an editorial change) is provided below:

	TP for Sec. 6.4 of 38.214

<Unchanged text omitted>
-
If HARQ-ACK is multiplexed on PUSCH, then d2,2 = 1, otherwise d2,2 = 0.

<Unchanged text omitted>


4 Corrections to UL data transmission procedure
NR supports different RRC configurations for configured and scheduled PUSCH transmission, partly due to the different operational scenarios, e.g. configured UL grants could be shared amongst multiple UEs. For instance, RAN1 agreed on separate configuration of the UL waveform for configured PUSCH at the RAN1 #90bis meeting:

	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.


Based on this agreement, the present RRC specification describes PUSCH configuration as follows

1. A UE is configured with the waveform to use for Msg3 by the higher layer parameter msg3-transformPrecoding contained in the RACH-ConfigCommon IE. 

2. For scheduled PUSCH, a UE may be optionally provided with the UL waveform to use by the higher layer parameter transformPrecoder contained in the PUSCH-Config IE. There are three possibilities for the UL waveform,

a. If the parameter is not provided, the UE applies the Msg3 waveform

b. If the parameter is provided and the value is ‘enabled’, the UE applies transform precoding

c. If the parameter is provided and the value is ‘disabled’, the UE does not apply transform precoding (i.e. CP-OFDM)

3. For configured PUSCH, a UE may be optionally configured with the UL waveform to use by the higher layer parameter transformPrecoder contained in the ConfiguredGrantConfig IE. If the parameter is absent the UE does not apply transform precoding.

It was subsequently agreed in the URLLC session at RAN1 #93 that the same waveform should be used for a TB transmitted on a configured PUSCH and for any retransmission of the same TB on a scheduled PUSCH:
	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.


This has been reflected in Section 6.1.4.1 of 38.214 as follows

	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.




Notice that there is some contradiction between the agreements in #90bis and #93 as reflected in Sec. 6.1.3 and 6.1.4.1 of 38.214 respectively. Given these conflicting agreements it should be clear that the main issue here is whether a UE should determine the transmission parameters of a scheduled retransmission of a TB that was previously transmitted on a configured UL grant from the configuredGrantConfig IE or the PUSCH-Config IE. 
In our view the motivation for the URLLC agreement was to ensure that if a UE is configured to use the new MCS table, this same table is also used for retransmission. This makes sense since, at least for URLLC the applied MCS table should be determined by the data service and not the choice of physical resource. On the other hand, the motivation of the earlier #90bis agreement was to allow the network, in the event of a failed configured PUSCH transmission, to flexibly adapt transmission parameters to improve the likelihood of successful decoding. Therefore, at least for time and frequency domain allocation for Type1 configured grant, it should follow the scheduled PUSCH configuration provided in the PUSCH-Config IE same as for Type2 configured PUSCH.
Regarding waveform selection, we consider a simple example: transform precoding is configured for RA Msg3 and also scheduled PUSCH in PUSCH-Config IE but it is not configured for a configured grant (i.e. a configured PUSCH uses CP-OFDM). Then for grant-based retransmission of a TB previously transmitted on configured PUSCH the MCS value is determined from the transform precoding MCS table, which is not the intended behavior if the configured UL grant is configured to use the low SE MCS table whereas the scheduled waveform uses a different MCS table. It is arguable whether this would be a typical configuration scenario but it is nevertheless possible based on the specifications.
Proposal 5:  determine UE behavior for retransmission of TB previously transmitted on a configured PUSCH from the following options:

1) Option 1: for a scheduled retransmission of a TB previously transmitted on a configured PUSCH, the UE follows the set of parameters provided in configuredGrantConfig IE that are common to both Type1 and Type2 configured grant – i.e. except those provided specifically for Type1 in rrc-ConfiguredUplinkGrant IE. For all other parameters not provided in configuredGrantConfig, including those in rrc-ConfiguredUplinkGrant, the UE follows the transmission configuration provided by the PUSCH-Config IE.

2) Option 2: for a scheduled retransmission of a TB previously transmitted on a configured PUSCH the UE follows the set of transmission parameters provided by the PUSCH-Config IE. 

a. For this option we would need to make the exception for URLLC as follows: 

i. If mcs-Table in ConfiguredGrantConfig is set to 'qam64LowSE' or if the UE is configured with the new-RNTI, the UE shall use IMCS in a received DCI format 0_0 or 0_1 scheduling a retransmission of a TB previously transmitted on a configured grant and Table 5.1.3.1-3 or Table 6.1.4.1-2 to determine the modulation order (Qm) and Target code rate (R) used in the PUSCH. The choice of Table 5.1.3.1-3 or Table 6.1.4.1-2 depends on the UL waveform determined for a scheduled UL grant.

A second related issue is that at the same RAN1 #90bis meeting agreement the choice of waveform for scheduled transmission was agreed as follows
	Agreements:

· For UL transmission with grant,

· By UE-specific RRC signaling, a UE can be configured with UL waveform that is different from the one configured by RMSI for Msg3. Once configured;

· When the non-fallback DCI schedules the PUSCH transmission, the UE uses the UL waveform configured by the UE-specific RRC signaling; when the fallback DCI schedules the PUSCH transmission, the UE uses the UL waveform configured by RMSI for the PUSCH transmission.

· If the UE is not configured with UL waveform that is different from the one configured by RMSI for Msg3;

· The UE uses the UL waveform configured by RMSI for the PUSCH transmission.

· FFS: whether the fallback DCI is based on DCI format/size or on search space.

· RMSI informs single waveform to the UE


It can be seen that the so-called fallback DCI functionality was FFS at RAN1 #90bis but it was not discussed in subsequent meetings. Our recollection of the motivation for using the Msg3 UL waveform for PUSCH scheduled by fallback DCI was to avoid ambiguity during RRC reconfiguration. This can be resolved by the network scheduling such a PUSCH with DCI format 0_0 in a CSS. Furthermore, for a configured USS a UE is configured to use either DCI formats 0_0/1_0 or 0_1/1_1. Therefore, similarly to the MCS determination the choice of waveform should be determined not only by the data service but also by the search space. 

Proposal 6: the meaning of fallback DCI in the context of UL waveform determination is based on search space type. Therefore, for UL transmission with grant

· If the PUSCH is scheduled with DCI format 0_0 in a common search space or if the UE is not provided with the higher layer parameter transformPrecoder in the PUSCH-Config IE, the UE uses the UL waveform provided by the higher layer parameter msg3-transformPrecoding. 
· If the PUSCH is scheduled by DCI format 0_0 or 0_1 in a UE-specific search space, if the UE was provided with the higher layer parameter, the UE applies transform precoding according to the value of this parameter; otherwise, the UE uses the UL waveform provided by the higher layer parameter msg3-transformPrecoding.
We provide corrections to 38.214 based on Proposal 4 and also align naming convention with the current RRC specification.
	TP for 38.214 Sec. 6.1.3

6.1.3
UE procedure for applying transform precoding on PUSCH
For Msg3 PUSCH transmission, the UE shall consider the transform precoding either 'enabled' or 'disabled' according to the higher layer configured parameter msg3-transformPrecoding.
For PUSCH transmission scheduled with a DCI:

-
If the DCI with the scheduling grant was received with DCI format 0_0 in a common search space, the UE shall, for this PUSCH transmission, consider the transform precoding either enabled or disabled according to the higher layer configured parameter msg3-transformPrecoding. 

-
If the DCI with the scheduling grant was received with DCI format 0_0 or 0_1 in a UE-specific search space 

-
If the UE is configured with the higher layer parameter transformPrecoder in the PUSCH-Config IE, the UE shall, for this PUSCH transmission, consider the transform precoding either enabled or disabled according to this parameter.

-
If the UE is not configured with the higher layer parameter transformPrecoder in the PUSCH-Config IE, the UE shall, for this PUSCH transmission, consider the transform precoding either enabled or disabled according to the higher layer configured parameter msg3-transformPrecoding.

For PUSCH transmission without grant

-
If the UE is configured with the higher layer parameter transformPrecoder in the ConfiguredGrantConfig IE, the UE shall, for this PUSCH transmission, consider the transform precoding either enabled or disabled according to this parameter.

-
If the UE is not configured with the higher layer parameter transformPrecoder in the ConfiguredGrantConfig IE, the UE shall, for this PUSCH transmission, consider the transform precoding either enabled or disabled according to the higher layer configured parameter msg3-transformPrecoding.



4.1 On configured multi-slot PUSCH transmission

A separate but related issue is whether a UE configured for multi-slot transmission also retransmits over multiple slots. For grant-based transmission a UE may be configured for multi-slot transmission for coverage enhancement or more generally, to improve reliability. Therefore, a retransmission should also be over the same number of slots configured by the higher layer parameter pusch-AggregationFactor. For configured transmission, the corresponding multi-slot transmission parameter is repK. In addition to reliability, multi-slot transmission may be configured for configured PUSCH on a shared UL resource as an interference mitigation/randomization technique especially when different hopping patterns are configured for different UEs sharing the same physical resources. As such, a valid use case is when repK ≠ pusch-AggregationFactor. In keeping with Option 1 from Proposal 5 above, a scheduled retransmission of a TB previously transmitted on a configured UL grant may follow the value of pusch-AggregationFactor (equal to 1 if not provided by RRC). This is because for the case of coverage enhancement, the network would likely configure multi-slot transmission for both scheduled and configured PUSCH transmissions, whereas dynamic scheduling already obviates the need for interference randomization since it is a scheduled UL resource.  On the other hand it is possible for different operational reasons (interference management or randomization on a shared resource versus coverage enhancement) that repK > 1, pusch-AggregationFactor > 1 but repK ≠ pusch-AggregationFactor. 
As such two options can be considered as follows:
· Alt 1: If a UE is provided the higher layer parameter pusch-AggregationFactor and the UE receives a DCI format 0_0/0_1 addressed to the C-RNTI or CS-RNTI and scheduling a retransmission of a TB, the UE transmits the TB on PUSCH in a number of consecutive slots indicated by the value of pusch-AggregationFactor starting from the slot indicated by the time domain resource allocation field in the scheduling DCI.

· Alt 2: If a UE is provided the higher layer parameter pusch-AggregationFactor and also provided the higher layer parameter repK respectively for scheduled and configured PUSCH and the UE receives a DCI format 0_0/0_1 addressed to the CS-RNTI and scheduling a retransmission of a TB previously transmitted on a configured resource, the UE transmits the TB on PUSCH in a number of consecutive slots indicated by the maximum of pusch-AggregationFactor and repK, starting from the slot indicated by the time domain resource allocation field in the scheduling DCI.

We have a slight preference for Option2 since it allows the network the flexibility to provide different repetition values.
Proposal 7: If a UE is provided the higher layer parameter pusch-AggregationFactor 
· If the UE receives a DCI format 0_0/0_1 addressed to the C-RNTI and scheduling a retransmission of a TB, the UE transmits the TB on PUSCH in a number of consecutive slots indicated by the value of pusch-AggregationFactor starting from the slot indicated by the time domain resource allocation field in the scheduling DCI.
· If the UE receives a DCI format 0_0/0_1 addressed to the CS-RNTI and scheduling a retransmission of a TB, the UE transmits the TB on PUSCH in a number of consecutive slots indicated by the maximum of pusch-AggregationFactor and repK, if provided, starting from the slot indicated by the time domain resource allocation field in the scheduling DCI.

Corresponding TPs are provided for 38.214. Note that the TP for Sec. 6.1.2.3.1 also includes a suggested correction for how repetitions are terminated. Rather than state that receiving an UL grant for the same TB is a condition for terminating the K repetitions it is more accurate to say that termination occurs when a PDCCH is received scheduling a PUSCH with the same HARQ process as the configured grant because a PDCCH addressed to C-RNTI for same HARQ process can also override the configured grant (see Sec. 5.4.1 of 38.321).
	6.1.2.1
Resource allocation in time domain

--------- Skipped text ------- 
If a UE is configured with the higher layer parameter pusch-AggregationFactor , for a PUSCH transmission scheduled by a DCI format 0_0 or 0_1 with CRC scrambled by C-RNTI, the same symbol allocation is applied across the pusch-AggregationFactor consecutive slots and the PUSCH is limited to a single transmission layer. The UE shall repeat the TB across the pusch-AggregationFactor consecutive slots applying the same symbol allocation in each slot. The redundancy version to be applied on the nth transmission occasion of the TB is determined according to table 6.1.2.1-2.  

Table 6.1.2.1-2: Redundancy version when pusch-AggregationFactor is provided
rvid indicated by the DCI scheduling the PUSCH

rvid to be applied to nth transmission occasion

n mod 4 = 0

n mod 4 = 1

n mod 4 = 2

n mod 4 = 3

0

0

2

3

1

2

2

3

1

0

3

3

1

0

2

1

1

0

2

3

If the UE procedure for determining slot configuration, as defined in subclause 11.1 of [6, TS 38.213], determines symbols of a slot allocated for PUSCH as downlink symbols, the transmission on that slot is omitted for multi-slot PUSCH transmission. 



	6.1.2.3.1
Transport Block repetition for uplink transmissions with a configured grant

The higher layer configured parameters repK and repK-RV define the K repetitions to be applied to the transmitted transport block, and the redundancy version pattern to be applied to the repetitions. For the nth transmission occasion among K repetitions, n=1, 2, …, K, it is associated with (mod(n-1,4)+1)th value in the configured RV sequence. The initial transmission of a transport block starts at 

-
the first transmission occasion of the K repetitions if the configured RV sequence is {0,2,3,1},

-
any of the transmission occasions of the K repetitions that are associated with RV=0 if the configured RV sequence is {0,3,0,3},

-
any of the transmission occasions of the K repetitions if the configured RV sequence is {0,0,0,0}, except the last transmission occasion when K=8. 

For any RV sequence, the repetitions shall be terminated after transmitting K repetitions, or at the last transmission occasion among the K repetitions within the period P, or when a PDCCH is detected within the period P scheduling a PUSCH for the same HARQ process as the configured grant, whichever occurs first. The UE is not expected to be configured with the time duration for the transmission of K repetitions larger than the time duration derived by the periodicity P.

For both Type 1 and Type 2 PUSCH transmissions with a configured grant, when the UE is configured with repK, the UE shall repeat the TB across the repK consecutive slots applying the same symbol allocation in each slot. If the UE procedure for determining slot configuration, as defined in subclause 11.1 of [6, TS 38.213], determines symbols of a slot allocated for PUSCH as downlink symbols, the transmission on that slot is omitted for multi-slot PUSCH transmission.


4.2 Scaling for UCI on configured PUSCH

It was also noticed in 38.331 that the higher layer parameter CG-UCI-OnPUSCH in the ConfiguredGrantConfig IE does not include a scaling parameter as provided in the PUSCH-Config IE. Since UCI can also be multiplexed with UL-SCH data on a configured UL grant, a scaling factor should also be provided to limit the REs consumed by UCI for a configured PUSCH. However, we note that the scaling factor may not necessarily be the same for scheduled and configured grants because the transmission conditions are different (e.g. a configured grant may be shared by multiple UEs). Our first preference is to provide this parameter in CG-UCI-OnPUSCH IE in Rel-15 but given that RRC signaling is frozen for Rel-15, separate scaling parameters can be discussed for Rel-16. In that case, our understanding for Rel-15 is that the scaling factor provided by UCI-OnPUSCH IE is also used for multiplexing UCI on a configured PUSCH. 
Proposal 8: for Rel-15, the higher layer parameter scaling provided in UCI-onPUSCH in the PUSCH-Config IE is also applied when multiplexing UCI with UL-SCH data on a configured PUSCH transmission. Note that no change may be needed for 38.212. Consider separate scaling parameters for scheduled and configured PUSCH in Rel-16.
4.3 Corrections to PUSCH frequency hopping

In this section we provide some corrections to PUSCH frequency hopping in Section 6.3 of 38.214 mainly to clearly indicate that frequency hopping is independently supported for both scheduled and configured PUSCH. Secondly, regarding the set of frequency hopping offsets, a RAN1 #91 agreement only stated that this set is explicitly provided by UE-specific RRC signaling. As an independent RRC parameter is not provided for Type2 configured grant, we assume here that the same set of values are applicable to either scheduled PUSCH or Type2 configured PUSCH.

	6.3
UE PUSCH frequency hopping procedure


A UE is configured for frequency hopping of scheduled or configured PUSCH transmission by the higher layer parameter frequencyHopping provided respectively in PUSCH-Config or in ConfiguredGrantConfig. One of two frequency hopping modes can be configured:

-
Intra-slot frequency hopping, applicable to single slot and multi-slot PUSCH transmission.

-
Inter-slot frequency hopping, applicable to multi-slot PUSCH transmission.
In case of resource allocation type 1, whether or not transform precoding is enabled for PUSCH transmission, the UE may perform PUSCH frequency hopping if the frequency hopping field in a corresponding detected DCI format or in a random access response UL grant is set to 1, or if for a Type 1 PUSCH transmission with a configured grant the higher layer parameter frequencyHoppingOffset is provided, otherwise no PUSCH frequency hopping is performed. When transform precoding and frequency hopping are enabled for PUSCH, the RE mapping is performed in the following order: the modulated symbols are first mapped across sub-carriers, then across transform precoded symbols within a frequency-hop, then across frequency hops occupying different sets of PRBs.




For a PUSCH scheduled by DCI format 0_0/0_1 or a PUSCH based on a Type2 configured UL grant and for resource allocation type 1, frequency offsets are configured by higher layer parameter frequencyHoppingOffsetLists in PUSCH-Config:

-
when the size of the active BWP is less than 50 PRBs, one of two higher layer configured offsets is indicated in the UL grant

-
when the size of the active BWP is equal to or greater than 50 PRBs, one of four higher layer configured offsets is indicated in the UL grant.

For PUSCH based on a Type1 configured UL grant the frequency offset is provided by the higher layer parameter frequencyHoppingOffset.

 The starting RB in each hop is given by:
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where 
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 is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in sub-clause 6.1.2.2.2) and 
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is the frequency offset in RBs between the two frequency hops.

In case intra-slot frequency hopping is configured for PUSCH without repetitions, the number of symbols in the first hop is given by 
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 is the length of the PUSCH transmission in OFDM symbols in one slot.
In case of inter-slot frequency hopping, the starting RB during slot 
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where 
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 is the current slot number within a radio frame, where a multi-slot PUSCH transmission can take place, 
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 is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in sub-clause 6.1.2.2.2) and 
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is the frequency offset in RBs between the two frequency hops.


4.4  Corrections to PUSCH DMRS configuration in 38.211
We provide some corrections to PUSCH DMRS configuration in 38.211 basically reflecting that PUSCH is either scheduled or configured. Note in the TP for Sec. 6.4.1.1.1.2 that δ = 1 and α = 0 should also be true for configured PUSCH and Msg3 PUSCH.
	TP for 38.211

6.4.1.1
Demodulation reference signal for PUSCH
6.4.1.1.1
Sequence generation

6.4.1.1.1.1
Sequence generation when transform precoding is disabled

If transform precoding for PUSCH is not enabled, the sequence 
[image: image32.wmf]()

rn

 shall be generated according to


[image: image33.wmf](

)

(

)

11

()12(2)12(21)

22

rncnjcn

=-×+-×+

.

where the pseudo-random sequence 
[image: image34.wmf])

(

i

c

 is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialized with


[image: image35.wmf](

)

(

)

(

)

SCIDSCID

17slot31

initsymbs,fIDIDSCID

21212mod2

nn

cNnlNNn

m

=+++++


where 
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 is the OFDM symbol number within the slot, 
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 are given by the higher-layer parameters scramblingID0 and scramblingID1, respectively, in the DMRS-UplinkConfig IE if provided and the PUSCH is either scheduled by DCI format 0_1 or is configured by the ConfiguredGrantConfig IE; 
-
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 is given by the higher-layer parameter scramblingID0 in the DMRS-UplinkConfig IE if provided and the PUSCH is scheduled by DCI format 0_0 with the CRC scrambled by C-RNTI;
-
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 is indicated by either the DM-RS initialization field, if present, in the DCI associated with the PUSCH transmission if DCI format 0_1 in [4, TS 38.212] is used or by the higher layer parameter dmrs-SeqInitialization, if present, in the rrc-ConfiguredUplinkGrant IE, otherwise [image: image44.png]ey
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6.4.1.1.1.2
Sequence generation when transform precoding is enabled

If transform precoding for PUSCH is enabled, the reference-signal sequence 
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5 Conclusion
This contribution discussed several leftover issues and corrections to Rel-15 NR DL/UL scheduling and UL data transmission procedures. The proposals are summarized here while the text proposals to Rel-15 specifications have been presented throughout the document and are not repeated for brevity.
Proposal 1: For OSI and paging, the table configured in pdsch-ConfigCommon is used if provided and default PDSCH time domain resource allocation A is used otherwise.
Proposal 2: If RACH-ConfigCommon is provided in ServingCellConfig for the active UL BWP and it is the same as RACH-ConfigCommon in ServingCellConfigCommon/ServingCellConfigCommonSIB, the UE interprets the RIV contained in the RAR scheduling Msg3 transmission or in a DCI format scheduling a retransmission of Msg3 according to the initial UL BWP. Otherwise, UE interprets the RIV contained in the RAR scheduling Msg3 transmission or in a DCI format scheduling a retransmission of Msg3 according to the active UL BWP.  

Proposal 3: VRB-to-PRB interleaving is supported for PDSCH reception in idle mode.
Proposal 4: align reference SCS value used for PUSCH preparation time in 38.213 sections 11.1 and 11.1.1 with that of 38.214 and delete N2 as it is only one component of the PUSCH preparation time. 

Proposal 5:  determine UE behavior for retransmission of TB previously transmitted on a configured PUSCH from the following options:

1) Option 1: for a scheduled retransmission of a TB previously transmitted on a configured PUSCH, the UE follows the set of parameters provided in configuredGrantConfig IE that are common to both Type1 and Type2 configured grant – i.e. except those provided specifically for Type1 in rrc-ConfiguredUplinkGrant IE. For all other parameters not provided in configuredGrantConfig, including those in rrc-ConfiguredUplinkGrant, the UE follows the transmission configuration provided by the PUSCH-Config IE.

2) Option 2: for a scheduled retransmission of a TB previously transmitted on a configured PUSCH the UE follows the set of transmission parameters provided by the PUSCH-Config IE. 

a. For this option we would need to make the exception for URLLC as follows: 

i. If mcs-Table in ConfiguredGrantConfig is set to 'qam64LowSE' or if the UE is configured with the new-RNTI, the UE shall use IMCS in a received DCI format 0_0 or 0_1 scheduling a retransmission of a TB previously transmitted on a configured grant and Table 5.1.3.1-3 or Table 6.1.4.1-2 to determine the modulation order (Qm) and Target code rate (R) used in the PUSCH. The choice of Table 5.1.3.1-3 or Table 6.1.4.1-2 depends on the UL waveform determined for a scheduled UL grant.

Proposal 6: the meaning of fallback DCI in the context of UL waveform determination is based on search space type. Therefore, for UL transmission with grant

· If the PUSCH is scheduled with DCI format 0_0 in a common search space or if the UE is not provided with the higher layer parameter transformPrecoder in the PUSCH-Config IE, the UE uses the UL waveform provided by the higher layer parameter msg3-transformPrecoding. 

· If the PUSCH is scheduled by DCI format 0_0 or 0_1 in a UE-specific search space, if the UE was provided with the higher layer parameter, the UE applies transform precoding according to the value of this parameter; otherwise, the UE uses the UL waveform provided by the higher layer parameter msg3-transformPrecoding.

Proposal 7: If a UE is provided the higher layer parameter pusch-AggregationFactor 
· If the UE receives a DCI format 0_0/0_1 addressed to the C-RNTI and scheduling a retransmission of a TB, the UE transmits the TB on PUSCH in a number of consecutive slots indicated by the value of pusch-AggregationFactor starting from the slot indicated by the time domain resource allocation field in the scheduling DCI.
· If the UE receives a DCI format 0_0/0_1 addressed to the CS-RNTI and scheduling a retransmission of a TB, the UE transmits the TB on PUSCH in a number of consecutive slots indicated by the maximum of pusch-AggregationFactor and repK, if provided, starting from the slot indicated by the time domain resource allocation field in the scheduling DCI.

Proposal 8: for Rel-15, the higher layer parameter scaling provided in UCI-onPUSCH in the PUSCH-Config IE is also applied when multiplexing UCI with UL-SCH data on a configured PUSCH transmission. Note that no change may be needed for 38.212. Consider separate scaling parameters for scheduled and configured PUSCH in Rel-16
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