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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The following agreements/working assumptions were reached in previous RAN1 meetings:
Agreement: RAN1-NR#3 ‎[1]
· NR supports both slot based PDCCH and PDSCH, and non-slot based PDSCH transmissions for RMSI/broadcast OSI delivery
· For the non-slot based transmission, 2, 4 and 7 OFDM-symbol duration for the RMSI/broadcast OSI PDSCH is supported
· FFS the handling of PDCCH for non-slot based transmissions
Agreements: RAN1#90bis ‎[2]
· NR supports both slot based PDCCH, PDSCH and PUSCH, and non-slot based PDSCH/PUSCH transmissions for Msg2/Msg3/Msg4 transmission
· For the non-slot based transmission, 2, 4 and 7 OFDM-symbol durations for the PDSCH/PUSCH is supported
· FFS the handling of PDCCH for non-slot based transmissions
· FFS Time gap during RACH procedure applied to non-slot based transmissions
· Note: Whether to support simultaneous uplink transmission of slot and non-slot based transmission from UE’s perspective will be finalized in the control channel session
Agreements: RAN1# AdHoc1801 [3]
· Update the previous agreements as follows:
For DCI granted multi-slot transmission (PDSCH/PUSCH) vs semi-static DL/UL assignment
· If semi-static DL/UL assignment configuration of a slot has no direction confliction with scheduled PDSCH/PUSCH assigned symbols, the PDSCH/PUSCH in that slot  is received/transmitted
· [bookmark: OLE_LINK68][bookmark: OLE_LINK71]If semi-static DL/UL assignment configuration of a slot has direction confliction with scheduled PDSCH/PUSCH assigned symbols, the PDSCH/PUSCH transmission in that slot is not received/transmitted
For DCI granted multi-slot transmission (PDSCH/PUSCH) vs dynamic SFI, when there is no semi-static DL/UL assignment or the semi-static DL/UL assignment indicates unknown
· UE is not expected to receive a dynamic SFI indicating a conflicting direction from DCI grant 
[bookmark: OLE_LINK29][bookmark: OLE_LINK196][bookmark: OLE_LINK197][bookmark: OLE_LINK27][bookmark: OLE_LINK28]Agreements: RAN1#AdHoc1801 [3]
· Slot boundary is the reference point for starting time of resource allocation for PDSCH (type A only) and PUSCH (type A or type B)
· Slot boundary is the reference point for starting time of resource allocation for PDSCH for type B
[bookmark: OLE_LINK34][bookmark: OLE_LINK35]Agreements: RAN1#92 [4]
For ECP adopt the following:
· PDSCH mapping type A and ECP: 
· Starting symbol can be symbol index #0, 1, 2, 3 in a slot.
· Length of the PDSCH is at least X=3 symbols, up to 12 symbols within a slot, such that slot boundary is not crossed 
· PDSCH mapping type B and ECP:
· Length of the PDSCH can be 2, 4, or 6 symbols.
· Starting symbol can be any position within a slot, such that slot boundary is not crossed.
· PUSCH mapping type A and ECP:
· Starting symbol is symbol index #0 in a slot.
· Length of the PUSCH is at least Y=4 symbols, up to 12 symbols
· PUSCH mapping type B and ECP
· Length of the PUSCH can be 2 through 12 symbols, and with 1 symbol as a working assumption
Agreements: RAN1#92 [4]
· Request RAN2 to introduce possibility for providing the RRC-configured table in RMSI to configure PDSCH and PUSCH symbol allocation for PDSCH/PUSCH scheduling after RMSI, where the RRC-configurable table via dedicated signaling was previously agreed in RAN1 
· Draft LS in R1-1803474 (Karri, Nokia), which is approved and final LS in R1-1803510
[bookmark: OLE_LINK73][bookmark: OLE_LINK74]In this contribution, some of remaining issues of resource allocation in both time and frequency domain as well as TBS determination are discussed. 
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK3][bookmark: OLE_LINK4]Frequency-domain resource allocation
[bookmark: OLE_LINK85]PUSCH frequency hopping
[bookmark: OLE_LINK156][bookmark: OLE_LINK157][bookmark: OLE_LINK131][bookmark: OLE_LINK136][bookmark: OLE_LINK137][bookmark: OLE_LINK144][bookmark: OLE_LINK145][bookmark: OLE_LINK161][bookmark: OLE_LINK162][bookmark: OLE_LINK179][bookmark: OLE_LINK178][bookmark: OLE_LINK163][bookmark: OLE_LINK164][bookmark: OLE_LINK158][bookmark: OLE_LINK159][bookmark: OLE_LINK160]For PUSCH frequency hopping, frequency hopping are supported for both grant-based and grant-free cases. Furthermore, for different cases, the parameters of frequency hopping offset and frequency hopping mode are configured respectively. For grant-based case, if a UE is configured by higher layer parameter Frequency-hopping-PUSCH, one of two frequency hopping modes can be configured, such as intra-slot frequency hopping	or inter-slot frequency hopping. If the UE is not configured with higher layer parameter Frequency-hopping-PUSCH, frequency hopping is disabled. For grant-free case with configured grant, higher layer parameter frequencyHopping to configure frequency hopping mode is not optional. In this case, how to configure the case that frequency hopping is disabled is not clear. One method is to follow the procedure of grant-based case. To be specific, the parameter frequencyHopping in TS38.331 should be “optional”. Additionally, in TS38.214, it should be clarified that if frequency hopping is disabled or the parameter frequencyHopping is not configured, UE assumes that intra-slot or inter-slot frequency hopping is disabled. Besides, the length of the PUSCH transmission in OFDM symbols in one slot is not correct for intra-slot frequency hopping in TS38.214. Detailed draft CR on PUSCH frequency hopping in TS38.214 can be found in our contribution [7].
Time domain resource allocation
[bookmark: OLE_LINK95][bookmark: OLE_LINK96][bookmark: OLE_LINK99][bookmark: OLE_LINK25][bookmark: OLE_LINK26]Time domain RA for fallback DCI 
Consideration of the coexistence with LTE CRS/MBSFN, the default table of time domain RA for DCI scheduling RMSI/OSI/ Paging/RA/fallback DCI should be redesigned.
For coexistence scenario of LTE and NR, if the REs or symbols are used for CRS transmission, the REs or symbols will not be used for NR data transmission. In LTE, the subcarrier space is 15kHz and CRS is carried on symbol #0, #1, #4, #7, #8, #11 of each subframe. Therefore, to avoid collision between LTE CRS transmission and NR PDSCH transmission with 15kHz subcarrier space, the table should at least include one row defining a time domain resource which is not overlapped with  symbol #0, #1, #4, #7, #8, #11 For 30 kHz and 60 kHz configuration, overlapping symbols with 15 kHz CRS symbols are shown in Figure 1. For the design of time-domain default table for PDSCH scheduling, some entries which not contain those overlapping symbols should also be considered.
[image: ]
Figure 1. The overlapped symbols with LTE CRS
Based on the above analysis, the default resource allocation for PDSCH is shown in Table 1.
[bookmark: OLE_LINK110]Table 1. Time-domain resource table for PDSCH scheduled using fallback DCI
	[bookmark: OLE_LINK65][bookmark: OLE_LINK66][bookmark: OLE_LINK151] index
	K0
	S
	L
	PDSCH mapping type

	[bookmark: _Hlk509482789]0
	0
	2
	2
	Type B

	1
	0
	2
	4
	Type A

	2
	0
	2
	7
	Type A

	3
	0
	2
	12
	Type A

	4
	0
	4
	2
	Type B

	5
	0
	4
	4
	Type B

	6
	0
	4
	7
	Type B

	7
	0
	5
	2
	Type B

	8
	0
	6
	2
	[bookmark: OLE_LINK146][bookmark: OLE_LINK147]Type B

	9
	0
	6
	4
	Type B

	10
	0
	6
	7
	Type B

	11
	0
	8
	2
	Type B

	12
	0
	8
	4
	[bookmark: OLE_LINK148][bookmark: OLE_LINK150]Type B

	13
	0
	9
	2
	Type B

	14
	0
	10
	2
	Type B

	15
	0
	10
	4
	Type B


For DCI format 0_0, used for Msg3 scheduling, there is no RRC configuration, so the time domain resource table should be predefined. It has been agreed that for the non-slot based transmission, 2, 4 and 7 OFDM-symbol durations for the PUSCH is supported. For example, the time domain resource allocation table could be as in Table 2, and the reference point for starting OFDM symbol could be slot boundary. 
[bookmark: _Ref503527641][bookmark: OLE_LINK57][bookmark: OLE_LINK111][bookmark: OLE_LINK112]Table 2. Time-domain resource table for PUSCH scheduled using fallback DCI
	[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: _Hlk505605994]index
	K2
	start
	Length
	PUSCH mapping type

	0
	2
	0
	2
	Type B

	1
	2
	0
	4
	Type B

	2
	2
	0
	7
	Type B

	[bookmark: _Hlk505605887]3
	2
	0
	12
	Type A

	[bookmark: _Hlk505608288]4
	2
	2
	2
	Type B

	5
	2
	2
	4
	Type B

	6
	2
	2
	7
	Type B

	7
	2
	2
	10
	Type B


[bookmark: OLE_LINK21][bookmark: OLE_LINK23]
[bookmark: OLE_LINK89][bookmark: OLE_LINK120][bookmark: OLE_LINK116][bookmark: OLE_LINK119][bookmark: OLE_LINK36]Proposal 1: For PDSCH scheduled using fallback DCI, the time domain resource table should be predefined as following:
	[bookmark: OLE_LINK152][bookmark: OLE_LINK153] index
	K0
	S
	L
	PDSCH mapping type

	0
	0
	2
	2
	Type B

	1
	0
	2
	4
	Type A

	2
	0
	2
	7
	Type A

	3
	0
	2
	12
	Type A

	4
	0
	4
	2
	Type B

	5
	0
	4
	4
	Type B

	6
	0
	4
	7
	Type B

	7
	0
	5
	2
	Type B

	8
	0
	6
	2
	Type B

	9
	0
	6
	4
	Type B

	10
	0
	6
	7
	Type B

	11
	0
	8
	2
	Type B

	12
	0
	8
	4
	Type B

	13
	0
	9
	2
	Type B

	14
	0
	10
	2
	Type B

	15
	0
	10
	4
	Type B


[bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: OLE_LINK40][bookmark: OLE_LINK121]Proposal 2: For PUSCH scheduled using fallback DCI, the time domain resource table should be predefined as following:
	[bookmark: OLE_LINK214][bookmark: OLE_LINK215]index
	K2
	start
	Length
	PUSCH mapping type

	0
	2
	0
	2
	Type B

	1
	2
	0
	4
	Type B

	2
	2
	0
	7
	Type B

	3
	2
	0
	12
	Type A

	4
	2
	2
	2
	Type B

	5
	2
	2
	4
	Type B

	6
	2
	2
	7
	Type B

	7
	2
	2
	10
	Type B



Time domain RA table for fallback DCI with ECP
For DL and UL fallback DCI, the predefined time domain resource allocation table should also consider the ECP case. In order to reduce the overhead of signaling to indicate the time domain resource allocation for fallback DCI, the time domain RA table should be predefined for NCP and ECP respectively. For DL/UL fallback DCI, the time domain resource allocation tables for ECP are shown in Table 3 and Table 4.
Table 3. Time-domain RA table for DL fallback DCI for ECP
	index
	K0
	S
	L
	PDSCH mapping type

	0
	0
	2
	2
	Type B

	1
	0
	2
	4
	Type A

	2
	0
	2
	6
	Type A

	3
	0
	2
	10
	Type A

	4
	0
	4
	2
	Type B

	5
	0
	4
	4
	Type B

	6
	0
	4
	6
	Type B

	7
	0
	6
	2
	Type B

	8
	0
	6
	4
	Type B

	9
	0
	6
	6
	Type B

	10
	0
	8
	2
	Type B

	11
	0
	8
	4
	Type B

	12
	0
	10
	2
	Type B



[bookmark: OLE_LINK32]Table 4. Time-domain RA table for UL fallback DCI for ECP
	index
	K2
	start
	Length
	PUSCH mapping type

	0
	2
	0
	2
	Type B

	1
	2
	0
	4
	Type B

	2
	2
	0
	6
	Type B

	3
	2
	0
	10
	Type A

	4
	2
	2
	2
	Type B

	5
	2
	2
	4
	Type B

	6
	2
	2
	6
	Type B

	7
	2
	2
	10
	Type B



[bookmark: OLE_LINK132][bookmark: OLE_LINK133][bookmark: OLE_LINK289][bookmark: OLE_LINK90][bookmark: OLE_LINK91][bookmark: OLE_LINK281][bookmark: OLE_LINK282]Proposal 3: For DL/UL fallback DCI, the time domain resource allocation table should be predefined for ECP.
Time domain RA for compact DCI
It has been agreed that using slot boundary is the reference point for starting time of resource allocation for PDSCH and PUSCH. For compact DCI scheduling URLLC, the overhead of time domain resource assignment field should be reduced to guarantee the PDCCH reliability, and up to 2bits could be accepted. Sometimes, only one row in a higher layer configured table pdsch-symbolAllocation or pusch-symbolAllocation including the start and length indicator SLIV would be configured, and there are 0bit in compact DCI to indicate PDSCH or PUSCH position. For example, it is configured that starting symbol S =2, the number of consecutive symbols L =4. According the agreement, the PDSCH could be scheduled only at symbol 2 to symbol 5. For the packet arriving at symbol 6, it could not be transmitted until symbol 2 of next slot, which increases the waiting delay and is bad for URLLC. In order to solve this problem, the reference point for starting time of resource allocation for PDSCH or PUSCH should be configured per UE or per DCI format. For compact DCI, the reference point of resource allocation should be boundary of PDCCH region, such as PDCCH starting position.
Proposal 4: The reference point for starting time of resource allocation PDSCH or PUSCH should be configured per UE or per DCI format.
Slot aggregation
[bookmark: OLE_LINK79][bookmark: OLE_LINK80][bookmark: OLE_LINK76][bookmark: OLE_LINK77][bookmark: OLE_LINK78]For typical TDD Uplink-Downlink configuration 2(DL:UL= 3:1; D S U D D D S U D D), the number of repetition slot/subframe is 4 in LTE. However, according to the current specification in NR, if semi-static DL/UL assignment configuration of a slot has direction confliction with scheduled PDSCH/PUSCH assigned symbols, the PDSCH/PUSCH transmission in that slot is not received/transmitted and the conflicting slot will be counted as the aggregated slot, the maximum number of repetition slot is 2 even for the maximum aggregation factor 8. The comparison of LTE and NR for TDD configuration 2 is shown in Figure 2. In this case, the performance will be reduced of 3dB, which will cause the coverage performance of NR is worse than the coverage performance of LTE.      
[image: ][image: ]
Figure 2. The comparison of LTE and NR for TDD configuration 2
In order to guarantee the requirement of coverage performance of NR, the conflicting slot will not be counted as the aggregated slot. In this case, the slot number of actual data transmission can ensure the same as the configured aggregation-factor-DL/UL and the coverage performance is same as LTE no matter whether has the confliction slots or not. Detailed draft CR on resource allocation can be found in [7]. 
[bookmark: OLE_LINK92][bookmark: OLE_LINK93][bookmark: OLE_LINK226][bookmark: OLE_LINK227]Proposal 5: If semi-static DL/UL assignment configuration of a slot has direction confliction with scheduled PDSCH/PUSCH assigned symbols, the slot is not counted as the aggregated slot.
[bookmark: OLE_LINK242][bookmark: OLE_LINK243][bookmark: OLE_LINK244]Besides, when the initial data transmission is configured with aggregationFactorUL > 1 or aggregationFactorDL > 1 and the transmission is failed, the gNB will send a DCI to schedule retransmission. In this case, for the DCI scheduling retransmission, the same aggregation factor is reused, which should be specified in the specification. For example, if the initial data transmission is configured with aggregation factor =4, and if the data is fail to decode, then when gNB schedules the retransmission, the aggregation factor is also equal to 4. Detailed draft CR on resource allocation can be found in our contribution [7]. 
[bookmark: OLE_LINK245][bookmark: OLE_LINK255][bookmark: OLE_LINK94]Proposal 6: For DCI based retransmission of slot aggregation, the same aggregation factor is reused, which should be specified in the specification.
Another remained issue is how to determine the RV order for the DL/UL transmission spanning multiple slots when slot aggregation is configured. A method is proposed in previous email discussion to use DCI to indicate a starting RV from the RV sequence 0-2-3-1. This means that totally 4 RV sequences are valid, which are 0-2-3-1, 2-3-1-0, 3-1-0-2 and 1-0-2-3, respectively. Nevertheless, it has been agreed that in UL grant free transmission different RV sequences 0-2-3-1, 0-3-0-3 and 0-0-0-0 can be configured. With different channel state, different RV sequence may be beneficial. Regarding the design of multiple slot transmission scheduled by DCI, we propose that a field in DCI indicates a RV sequence from the candidate RV sequences. For example, if the candidate RV sequences are 0-2-3-1, 0-3-0-3, 0-0-0-0, a field in DCI can indicate one of them and the field can be the current Redundancy Version field without adding DCI bits. Therefore, the method of indicating a RV sequence by DCI can be more flexible when the usable RV sequence candidates are configurable.
[bookmark: OLE_LINK138][bookmark: OLE_LINK139][bookmark: OLE_LINK62][bookmark: OLE_LINK63]Proposal 7: For DCI based retransmission of slot aggregation, a field in DCI to indicate a RV sequence from several RV sequence candidates should be supported.
[bookmark: OLE_LINK69][bookmark: OLE_LINK70]TBS determination
DMRS overhead determination






[bookmark: OLE_LINK42][bookmark: OLE_LINK43][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK41][bookmark: OLE_LINK37][bookmark: OLE_LINK44][bookmark: OLE_LINK117][bookmark: OLE_LINK118][bookmark: _Hlk500489688][bookmark: OLE_LINK50][bookmark: OLE_LINK51]In RAN1 #90bis meeting, it is agreed that the UE shall first determine the number of REs (NRE)  within the slot. A UE first determines the number of REs allocated for PDSCH within a PRB () by , where is the number of subcarriers in the frequency domain in a physical resource block,   is the number of scheduled OFDM symbols in a slot,   is the number of REs for DM-RS per PRB in the scheduled duration including the overhead of the DM-RS CDM groups indicated by DCI format 1_0/1_1, and   is the overhead configured by higher layer parameter Xoh-PDSCH. If the Xoh-PDSCH is not configured (a value from 0, 6, 12, or 18), the Xoh-PDSCH is set to 0. 

[bookmark: OLE_LINK190][bookmark: OLE_LINK201]For the DCI format 0_1/1_1, the number of REscan be determined as the overhead of the DMRS CDM groups indicated in DCI. However, for fallback DCI/RMSI/Paging/RAR, there is no overhead indication of the DMRS CDM groups. In this case, the description of the number of REs for DMRS per PRB is not correct in the current specification. Detailed draft CR on TBS can be found in our contribution [8].

[bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK56][bookmark: OLE_LINK45][bookmark: OLE_LINK47][bookmark: OLE_LINK22][bookmark: OLE_LINK60][bookmark: OLE_LINK61][bookmark: OLE_LINK64][bookmark: OLE_LINK72]Besides, for the PUSCH not scheduled by PDCCH with CRC scrambled by C-RNTI or CS-RNTI, UE shall use single symbol front-loaded DM-RS of configuration type 1 on DM-RS port 0 and the remaining REs not used for DM-RS in the symbols are not used for any PUSCH transmission and when receiving PDSCH scheduled by PDCCH with CRC scrambled by SI-RNTI, RA-RNTI, P-RNTI or TC-RNTI, or receiving PDSCH before dedicated higher layer configuration of any of the parameters dmrs-AdditionalPosition, DL-DMRS-max-len and dmrs-Type, the UE shall assume that the PDSCH is not present in any symbol carrying DM-RS except for PDSCH with allocation duration of 2 symbols with PDSCH mapping type B, and a single symbol front-loaded DM-RS of configuration type 1 on DM-RS port 1000 is transmitted, which is the description of DM-RS reception procedure in TS38.214. However, for TBS determination,   is the number of REs for DM-RS per PRB in the scheduled duration. According to the current specification of TBS determination, it is not considered that the remaining REs not used for DM-RS in the symbols are not used for any PUSCH/PDSCH transmission, when the PUSCH/PDSCH is not scheduled by PDCCH with CRC scrambled by C-RNTI or CS-RNTI. For example, the number of REs for DM-RS per PRB is 6 and the REs not used for DMRS in the symbols per PRB is 12. If the duration of PDSCH is 4 symbol, the error of available REs is 14.3%, which is too big to the worse performance. In order to calculate an accurate TBS, the specification of DMRS REs for TBS determination should be clarified for PDSCH/PUSCH scheduled by PDCCH with CRC scrambled by different RNTI to align with the description of DM-RS reception procedure. Detailed draft CR on TBS can be found in our contribution [8].
[bookmark: OLE_LINK149][bookmark: OLE_LINK75][bookmark: OLE_LINK81]Proposal 8: The number of REs for DMRS per PRB should be clarified for PDSCH/PUSCH scheduled by PDCCH with CRC scrambled by different RNTI in TS38.214 to align with the description of DM-RS reception procedure.
TBS for VoIP
[bookmark: OLE_LINK114][bookmark: OLE_LINK115][bookmark: OLE_LINK86][bookmark: OLE_LINK87][bookmark: OLE_LINK54][bookmark: OLE_LINK55][bookmark: OLE_LINK106][bookmark: OLE_LINK107][bookmark: OLE_LINK20]In RAN#90 meeting, it is agreed that TBS determination for specific packet sizes (e.g., VoIP, etc.) should be considered [9]. Similar as LTE, the TBS for VoIP should be calculated with the formula: TBS of VoIP = RTP payload size + RoHC header size + L2 header size + Additional info. The specific values of RoHC header size, L2 header size, and Additional info need RAN2 discussion and agreement. Therefore we suggest
[bookmark: _Ref129681832]Conclusion
According to the above discussions, we have the following proposals:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: For PDSCH scheduled using fallback DCI, the time domain resource table should be predefined as following:
	 index
	K0
	S
	L
	PDSCH mapping type

	0
	0
	2
	2
	Type B

	1
	0
	2
	4
	Type A

	2
	0
	2
	7
	Type A

	3
	0
	2
	12
	Type A

	4
	0
	4
	2
	Type B

	5
	0
	4
	4
	Type B

	6
	0
	4
	7
	Type B

	7
	0
	5
	2
	Type B

	8
	0
	6
	2
	Type B

	9
	0
	6
	4
	Type B

	10
	0
	6
	7
	Type B

	11
	0
	8
	2
	Type B

	12
	0
	8
	4
	Type B

	13
	0
	9
	2
	Type B

	14
	0
	10
	2
	Type B

	15
	0
	10
	4
	Type B


Proposal 2: For PUSCH scheduled using fallback DCI, the time domain resource table should be predefined as following:
	index
	K2
	start
	Length
	PUSCH mapping type

	0
	2
	0
	2
	Type B

	1
	2
	0
	4
	Type B

	2
	2
	0
	7
	Type B

	3
	2
	0
	12
	Type A

	4
	2
	2
	2
	Type B

	5
	2
	2
	4
	Type B

	6
	2
	2
	7
	Type B

	7
	2
	2
	10
	Type B


Proposal 3: For DL/UL fallback DCI, the time domain resource allocation table should be predefined for ECP.
Proposal 4: The reference point for starting time of resource allocation PDSCH or PUSCH should be configured per UE or per DCI format.
Proposal 5: If semi-static DL/UL assignment configuration of a slot has direction confliction with scheduled PDSCH/PUSCH assigned symbols, the slot is not counted as the aggregated slot.
Proposal 6: For DCI based retransmission of slot aggregation, the same aggregation factor is reused, which should be specified in the specification.
Proposal 7: For DCI based retransmission of slot aggregation, a field in DCI to indicate a RV sequence from several RV sequence candidates should be supported.
[bookmark: _GoBack]Proposal 8: The number of REs for DMRS per PRB should be clarified for PDSCH/PUSCH scheduled by PDCCH with CRC scrambled by different RNTI in TS38.214 to align with the description of DM-RS reception procedure.
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