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Introduction
This contribution discusses some remaining issues for specification regarding the DL/UL resource allocation. In particular, these topics are discussed in the following sections.
· Time domain resource allocation 
· RMSI SLIV
· SLIV configurability
· Slot aggregation RVID
· VRB-to-PRB mapping for uplink

Some parts of this contribution are based on R1-1802841 which was submitted previously at RAN1 AH 1801. 
Time domain resource allocation
SLIV Design Considerations for RMSI
Time domain indication of RMSI
In the last few meetings, configuration for monitoring PDCCH CORESET have been specified. The UE after PBCH decoding, can identify the time and frequency location to monitor RMSI PDCCH for RMSI reception. The RMSI PDCCH grant provides time domain information and frequency location, to receive the RMSI PDSCH. In this section we discuss aspects of designing the time domain indication for reception of RMSI PDSCH and also look at rate-matching aspects. 


Figure 2‑1 SSB and RMSI CORESET Mapping For 120khz/120khz Numerology
  
Figure 2-1 shows an example where the SSB Blocks and RMSI CORESETs are transmitted in the same half-frame. If the SSB periodicity is greater than half-Frame duration, and for limited bandwidth in initial DL BWP, the gNB for scheduling flexibility may choose to schedule RMSI PDSCH in a manner TDM with the SSB burst. 
Observation: For scheduling flexibility, RMSI PDCCH Grant should support  (slot offset between PDCCH Grant and PDSCH) larger than half-Frame duration. 
The RMSI PDCCH Format monitored with SI-RNTI in the type0-PDCCH search space should hence support larger  of the order of half-Frames to support this mode of operation. 
Proposal 1: The PDCCH Format carrying RMSI PDSCH grant shall support time-domain indication  equal or greater than half-Frame duration.
Rate Matching Considerations
In many configurations, the SS/PBCH block and its associated RMSI CORESET can be mapped to the same slot. In such a scenario, the gNB may schedule the RMSI PDSCH in the same slot containing the RMSI CORESET.  The figure below shows an example configuration for this case, wherein the RMSI PDSCH overlaps with both the SS/PBCH Block 0 and SS/PBCH Block 1 in the slot. 



Figure 2‑2: RMSI Rate Matching behavior for RMSI PDSCH with associated SSB for pdcch-ConfigSIB1=00000000 and 120Khz/120Khz numerology
By agreement in last meeting, “When receiving the PDSCH conveying [SystemInformationBlockType1], a UE may assume that no SS/PBCH block is transmitted in REs used by the UE for a reception of the PDSCH.”
The above specification is very restrictive in the sense that this disallows the rate matching behaviour shown in the figure below, where the RMSI PDSCH cannot be rate-matched around its own associated SSB. In the example shown in the figure below without rate-matching its own associated SSB, the gNB may have to schedule RMSI PDSCH either only for Symbols 2-3, or spanning the last 7 OFDM symbols in the slot, impacting efficient resource usage. Based on the above discussion it is preferable to rate-match RMSI PDSCH around it’s associated SS/PBCH. 
[bookmark: _Hlk505934144]Further from a scheduling flexibility perspective it is beneficial to support explicit signalling of rate-matching resources. Absence of any rate-matching around SSBs can cause significant scheduling restrictions as shown in the examples below for one of the RMSI CORESET configurations. RMSI CORESET can be transmitted in a two-slot window for Multiplexing Pattern 1. Figure 2-3 shows the case where the CORESET is mapped to slot , while Figure 2-4 shows the case where the CORESET is mapped to slot. In both cases we observe that PDSCH transmission overlaps with SSB transmission, showing benefits for supporting rate-matching. Similar issues can be observed for other configurations also.
In RAN1 NR Adhoc#3, we had the following agreements.
Agreements:
· For rate matching purpose
· For UE specific PDSCH and UE specific CORESET
· If the UE has received no bitmap through RRC signalling, the UE assumes SS/PBCH block transmission according to the signalling in RMSI 
· If the UE has received a bitmap through RRC signalling, the UE assumes SS/PBCH block transmission according to the bitmap in RRC based signalling
· For PDSCH carrying RMSI and the corresponding PDCCH CORESET, the UE assumes that no SS block is transmitted in the allocated resources


 


Figure 2‑3 PDSCH and SSB Multiplexing Example for 120Khz numerology when RMSI Coreset is mapped to slot n



Figure 2‑4:  PDSCH Multiplexing Example for 120Khz numerology when RMSI CORESET mapped to slot n+1
Though the agreement indicates that UE assumes that no SSB is transmitted in the allocated resources for PDSCH. However, by explicitly indicating via PDCCH the allocated resources to not overlap with the transmitted SSB blocks, we can enable better scheduler flexibility.  
An alternative solution would be to use cross-slot or cross-half-Frame scheduling to avoid the SSBs. However, if the periodicity of SSBs is high such as 5msec, then gNB might have to reuse the SSB slots for transmitting PDSCH. For scheduler flexibility it is preferable to support rate-matching of RMSI PDSCH around SS/PBCH blocks via DCI. Some of the bits in Format 1_0 can be reused for this purpose to signal this rate-matching behaviour.  This aspect is captured in our proposal below.
The DCI signalling component should have a few key elements
· Signaling of large slot offset (K0) values 
· A bitmap to indicate SSBs transmission within a slot
· Start and Length of PDSCH within a slot and smaller slot offset values
As a starting point Half-Frame duration can be one of the large offset values that can be explicitly signalled, and at least one bit is needed for this case. When the Half-Frame Duration bit is enabled, the UE adds a slot offset of a half-frame between RMSI PDCCH and PDSCH. 
At least 2 RMSI CORESETS can be mapped to the same slot, and hence it is reasonable to map at least 2 RMSI PDSCH’s in one slot. This requires signalling two possible values. We should also support the case of a PDSCH occupying a major portion of the entire slot, with some variations in the start and the end symbols. This requires 2 or 3 possibilities. In addition, small slot offset should also be signalled. This requires approximately 3 to 4 bits.
For the same numerology 2 SSBs can be present in a slot. A 2 bit, bitmap can indicate which of the SSBs are transmitted in a slot.   Further for a UE with analog beam forming constraint, one more bit, can indicate if the entire OFDM symbol containing the SSB is skipped or if just the SSB resources alone are skipped. 
Based on the above discussion, we have the following proposal.
Proposal 2: NR shall use the following table for RMSI PDSCH SLIV indication. Furthermore, some bits in Format 1_0 such as TPC command [2], PUCCH resource indicator [2] and PDSCH-to-HARQ feedback timing indicator [3] can be repurposed for RMSI PDSCH SLIV.
	K0 Values, Half-Frame Duration & slot offset
	Start and Length of PDSCH Symbol
	SSB Bitmap
	Entire OFDM Symbol vs. Only SSB REs

	1 bits
	3 bits
	2 bits
	1 bit



The UE determines the offset in slots between the DL RMSI PDCCH and the RMSI PDSCH from the K0 Values in the table, and the start symbol and length of the PDSCH from the second column in the table. The UE also determines the SSBs that do not contain PDSCH within a slot from the SSB Bitmap, and further determines that the REs FDMed with the SSBs indicated by the SSB bitmap do not transmit PDSCH.   
Few of the bits in Format 1_0 such as TPC command [2] and PUCCH resource indicator [2] or PDSCH-to-HArq feedback timing indicator [3] can be repurposed for SLIV when monitored via SI-RNTI. 
Proposal 3: NR shall adopt the Text Proposal in Appendix for RMSI SLIV and rate-matching indication
Configurability of SLIV values
In RAN1 AH 1801, the following aspects were agreed.
Agreements:
· For each search space configuration configured by UE-specific RRC signaling, the UE is informed whether the search space configuration is CSS or USS, together with the following information, as part of the search space configuration:
· Which DCI format(s) to monitor
· For a CSS,
· DCI format 0_0 and DCI format 1_0
· In which case, the UE monitors the DCI format with CRC scrambled by C-RNTI, CS-RNTI (if configured), SP-CSI-RNTI (if configured), RA-RNTI, TC-RNTI, P-RNTI, SI-RNTI
· DCI format 2_0
· In which case, the UE monitors the DCI format with CRC scrambled by SFI-RNTI, and the SFI-related parameters SFI-PDCCH is provided as part of the search space configuration
· FFS: how to select one or two decoding candidates if the configured PDCCH candidates are larger than the value
· DCI format 2_1
· In which case, the UE monitors the DCI format with CRC scrambled by INT-RNTI, and the PI-related parameters Preemp-DL is provided as part of the search space configuration
· DCI format 2_2
· In which case, the UE monitors the DCI format with CRC scrambled by TPC-PUSCH-RNTI or TPC-PUCCH-RNTI
· DCI format 2_3
· In which case, the UE monitors the DCI format with CRC scrambled by TPC-SRS-RNTI
· Monitoring of multiple DCI formats can be configured for one CSS
· For USS,
· A UE monitors the DCI format with CRC scrambled by C-RNTI, CS-RNTI (if configured), TC-RNTI (if a certain condition is met), and SP-CSI-RNTI (if configured)
· Further discussion offline the association of the RNTIs with DCI formats 
Monitoring of multiple DCI formats can be configured for one USS

Given the above agreement, it would seem reasonable for the fallback DCI Format 1_0 to be configurable if the CSS is configurable, to provide flexibility.
Furthermore, given the agreement from RAN1 #92 last meeting, there can be fallback SLIV operation which is more robustly configured in a cell-specific manner with RMSI.

Agreements:
· 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

Therefore, we have the following.

Proposal 4: 
· For DCI format 1_1, there is no default PUSCH and PDSCH Symbol Allocation Table
· These tables are configured by UE-specific RRC
· [bookmark: _GoBack]For DCI format 1_0 when monitored in UESS, or monitored in CSS not in CORESET 0, there is no default PUSCH and PDSCH Symbol Allocation Table
· These tables are configured by UE-specific RRC
· For DCI format 1_0 when monitored in CSS in CORESET 0, the PUSCH and PDSCH Symbol Allocation Tables are determined as follows
· When DCI is scrambled by SI-RNTI, the tables are defined in specification
· Otherwise the tables configured by RMSI

RVID in Grant-Based Slot Aggregation (TB repetition)
In RAN1 AH #3 (Nagoya), it was agreed that TB could be repeated across multiple slots.
Agreements:
· For grant-based DL or UL, transmissions where a TB spans multiple slots or mini-slots can be composed of repetitions of the TB
· The repetitions follow an RV sequence 
· FFS how the sequence is defined in specification
· FFS if there is one repetition of the TB per slot in the case of repetitions using mini-slots
· FFS for grant-based DL or UL transmissions, if a TB can span multiple slots without repetitions

Following in RAN1 AH 1801, the following clarifications were made and one comment regarding signaling of the RV ordering was raised.
Agreements:
· In case of slot-aggregation is configured
· the same symbol allocation is used across slots in UL
· Note: this aligns with the DL case
· the TB is repeated across the slots
· Discuss further offline the RV order for the DL/UL transmission (scheduled by DCI) spanning multiple slots (also checking the existing agreements made in the coding session)
· In case of slot-aggregation is configured, the configuration is limited to rank 1 only for both DL and UL

After checking agreements in the coding session for RAN1-90bis, we see that there was an agreement on a default RV order which was optimized for performance, but the issue similarly remains open for the case when the RV index can be explicitly signaled.
Agreement (RAN1-90bis): 
· The default RV order is {0,2,3,1} for cases where RV index is not explicitly signalled or otherwise specified and there is no ambiguity about which instance of a transmission occurred, for both BG1 and BG2

Here we propose to clarify this remaining open item.
Proposal 5: In the case when slot-aggregation is configured, for grant-based UL and DL transmissions the RVID field in DCI is used to indicate the starting RV within the default sequence {0,2,3,1}. 
Other remaining issues
The following agreement from RAN1 #91 was not captured in LS to RAN2 on RRC parameters.
Agreements
· The list of values for K0 which can be configured by RRC should be updated to {0,1,2,3,4,5,8,10,16,20,32}. 
· The list of values for K2 which can be configured by RRC should updated to {0,1,2,3,4,5,6,7,8,10,16,20,32}.

Proposal 6: Send an LS to RAN2 to update them K0 and K2 values for the RRC parameters which were agreed in RAN1 #91.
Considerations for uplink VRB-to-PRB interleave mapping
As has been discussed, the benefits of VRB-to-PRB interleave mapping include both introducing frequency diversity for code blocks when there is a wideband (or even full bandwidth) allocation across the BWP, as well as distributing a small resource allocation across the entire BWP. The latter may be problematic in the case of the uplink, since non-contiguous allocations may exacerbate issues related to intermodulation distortion when RF front-end considerations are taken into account.
Therefore, in keeping with the plenary guidance from RP 172108 [3] which sought to de-prioritize and reduce workload of RAN4 with respect to non-contiguous allocations, we provide the following proposal.
Proposal 7: Postpone support of uplink VRB-to-PRB interleave mapping to after Release 15.
Conclusions
[bookmark: _Hlk506545502]Proposal 1: The PDCCH Format carrying RMSI PDSCH grant shall support time-domain indication  equal or greater than half-Frame duration.
Proposal 2: NR shall use the following table for RMSI PDSCH SLIV indication. Furthermore, some bits in Format 1_0 such as TPC command [2], PUCCH resource indicator [2] and PDSCH-to-HARQ feedback timing indicator [3] can be repurposed for RMSI PDSCH SLIV.
	Half-Frame Duration
	Start and Length of PDSCH Symbol, K0 and slot offset
	SSB Bitmap
	Entire OFDM Symbol vs. Only SSB REs

	1 bit
	3 bits
	2 bits
	1 bit



Proposal 3: NR shall adopt the Text Proposal in Appendix for RMSI SLIV and rate-matching indication
Proposal 4: 
· For DCI format 1_1, there is no default PUSCH and PDSCH Symbol Allocation Table
· These tables are configured by UE-specific RRC
· For DCI format 1_0 when monitored in UESS, or monitored in CSS not in CORESET 0, there is no default PUSCH and PDSCH Symbol Allocation Table
· These tables are configured by UE-specific RRC
· For DCI format 1_0 when monitored in CSS in CORESET 0, the PUSCH and PDSCH Symbol Allocation Tables are determined as follows
· When DCI is scrambled by SI-RNTI, the tables are defined in specification
· Otherwise the tables configured by RMSI
Proposal 5: In the case when slot-aggregation is configured, for grant-based UL and DL transmissions the RVID field in DCI is used to indicate the starting RV within the default sequence {0,2,3,1}.
Proposal 6: Postpone support of uplink VRB-to-PRB interleave mapping to after Release 15. 
Proposal 7: Send an LS to RAN2 to update them K0 and K2 values for the RRC parameters which were agreed in RAN1 #91.
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Appendix 1: Text Proposal for RMSI SLIV
Support the following TP by adding the following tables and text in section 5.1.2.1 of 38.214 for RMSI SLIV and rate-matching indication, which is based on [4]. Some modifications to the SLIV table have been included to remove small PDSCH Type A allocations which are not consistent with the following agreements from RAN1 #91.
[bookmark: _Toc499836830]Agreement: 
Confirm working assumption of using configuration type 1 for slot-based broadcast/multicast PDSCH and extend this DMRS type to
· slot-based unicast PDSCH before RRC configuration and slot-based unicast PUSCH before RRC configuration (CP-OFDM and DFT-S-OFDM)
· For slot-based broadcast/multicast PDSCH and unicast PDSCH/PUSCH before RRC configuration, use two additional 1-symbol DMRS, with location of additional DMRS indicated in PDCCH following the agreed DMRS locations for unicast PDSCH/PUSCH after RRC configuration.
· 2/4/7-symbol non-slot-based scheduling for multicast/broadcast PDSCH and unicast PDSCH before RRC configuration.
· For 2/4-symbol non-slot-based scheduling, the one-symbol front-load DMRS is used for broadcast/multicast PDSCH and unicast PDSCH/PUSCH before RRC configuration.
· For 7-symbol non-slot-based scheduling, one-symbol front-load DMRS plus one additional DMRS symbol on the 5th symbol if it is part of the scheduling unit with respect to the front-load is used for broadcast/multicast PDSCH and unicast PDSCH/PUSCH before RRC configuration.
· Broadcast/multicast PDSCH and PDSCH before RRC configuration is happening, for both slot and 4/7-symbol non-slot-based, with DMRS port 0 using SU-MIMO and no PDSCH FDMed on the DMRS symbol. For 2 symbol non-slot based, there is only FDM.
· PUSCH before RRC configuration is happening, for both slot and non-slot-based, with DMRS port 0 using SU-MIMO and no PUSCH FDMed on the DMRS symbol.

--------------------------------------------------------- Beginning of change -------------------------------------------------------------
Table 5.1.2.1-2: Resource allocation for PDSCH scheduled using CORESET #0 and SS/PBCH block and RMSI CORESET multiplexing pattern 1
	DL-DMRS-typeA-pos
	i
	PDSCH mapping type
	K0
	S
	L

	2
	0
	Type A
	0
	2
	12

	
	1
	Type A
	0
	2
	10

	
	2
	Type A
	0
	2
	9

	
	3
	Type A
	0
	2
	8

	
	5
	Type B
	0
	4
	4

	
	6
		Type B	
	0
	9
	4

	3
	0
	Type A
	0
	3
	11

	
	1
	Type A
	0
	3
	9

	
	2
	Type A
	0
	3
	8

	
	3
	Type A
	0
	3
	7

	
	5
	Type B
	0
	6
	4

	
	6
	Type B
	0
	10
	4



Table 5.1.2.1-3: Rate-matching Information for Multiplexing Pattern 1 for 120Khz/120Khz, 30Khz/30Khz and 15Khz/15Khz  (SSB/RMSI) Numerology
	SSB RE vs Entire OFDM Symbol
	SSB Bitmap
	Rate Matched SSBs in a Slot

	0
	0
	No Rate-Matching

	
	1
	SSB0 PRBs

	
	2
	SSB1 PRBs

	
	3
	SSB0 PRBs and SSB1 PRBs

	1
	0
	No Rate-Matching

	
	1
	SSB0 Symbols

	
	2
	SSB1 Symbols

	
	3
	SSB0 and SSB1 Symbols



Table 5.1.2.1-4: Rate-matching Information for Multiplexing Pattern 1 for 240Khz/120Khz, 120Khz/60Khz and 30Khz/15Khz, 15Khz/30Khz (SSB/RMSI)Numerology
	SSB RE vs Entire OFDM Symbol
	SSB Bitmap
	Rate Matched SSBs in a Slot

	0
	0
	No Rate-Matching

	
	1
	SSB0 and SSB1 PRBs

	
	2
	SSB2 and SSB3 PRBs

	
	3
	SSB0, SSB1…SSB3 PRBs 

	1
	0
	No Rate-Matching

	
	1
	SSB0 and SSB1 Symbols

	
	2
	SSB2 and SSB3 Symbols

	
	3
	SSB0, SSB1…SSB3 Symbols 



Table 5.1.2.1-5: Rate-matching Information for Multiplexing Pattern 1 
	Half-Frame Duration
	Additional offset to K0

	0
	0

	1
	0.5*



When the UE receives a DCI monitored via SI-RNTI the UE will determine the rate-matching behaviour for PDSCH from table Table 5.1.2.1-3 and Table 5.1.2.1-4 corresponding to the [3] bits of PDSCH-to-HARQ feedback timing indicator, and the additional offset to K0 from Table Table 5.1.2.1-5  based on the LSB of the TPC command.  
Table 5.1.2.1-6: Resource allocation for PDSCH scheduled using CORESET #0 and multiplexing pattern 2
	i
	PDSCH mapping type
	K0
	S
	L

	0
	Type B
	0
	2
	2

	1
	Type B
	0
	4
	2

	2
	Type B
	0
	6
	2

	3
	Type B
	0
	8
	2

	4
	Type B
	0
	10
	2

	5
	Type B
	1
	2
	2

	6
	Type B
	1
	4
	2



Table 5.1.2.1-7: Resource allocation for PDSCH scheduled using CORESET #0 and multiplexing pattern 3
	i
	PDSCH mapping type
	K0
	S
	L

	0
	Type B
	0
	4
	2

	1
	Type B
	0
	6
	2

	2
	Type B
	0
	8
	2

	3
	Type B
	0
	10
	2



--------------------------------------------------------- End of change -------------------------------------------------------------



11/11
image1.emf
0 2 4 6 8 10 12 14 16

Slot Index

0

5

10

15

20

R

B

 

I

n

d

e

x

Index of Second 4 Bits (Freq Loc) =0,Index of First 4 

Bits (Time Domain Info) =0

S

S

B

S

S

B

RMSI 

CORESET


oleObject1.bin

image2.emf
0 0.5 1 1.5 2 2.5 3

Slot Index

0

5

10

15

20

R

B

I

n

d

e

x

SSB

Idx 0

SSB

Idx 2

SSB

Idx 3

NO

SSB

Trans.

R

M

S

I

(CO

RES

ET)

Idx 

0

R

M

S

I

(CO

RES

ET)

Idx 

2 

SSB Not 

Transmitted

SSB Not 

Transmitted

RMSI Not 

Transmitted

RMSI PDSCH

Rate-matched 

over assoc. SSB


oleObject2.bin

image3.emf
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

Slot Index

-15

-10

-5

0

5

10

15

20

25

30

Index of Second 4 Bits (Freq Loc) =2,Index of First 4 

Bits (Time Domain Info) =0

SSB 0 SSB 1

R

M

S

I

C

O

R

E

S

E

T

Idx 

0

R

M

S

I

C

O

R

E

S

E

T

Idx 

1

RMSI PDSCH

Rate-matched 

over assoc. SSB 

Symbol

R

B

 

I

n

d

e

x


oleObject3.bin

image4.emf
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

Slot Index

-15

-10

-5

0

5

10

15

20

25

30

Index of Second 4 Bits (Freq Loc) =2,Index 

of First 4 Bits (Time Domain Info) =0

SSB 0 SSB 1

R

M

S

I

C

O

R

E

S

E

T

Idx 

0

RMSI PDSCH

Rate-

matched 

over assoc. 

SSB Symbol

R

M

S

I

C

O

R

E

S

E

T

Idx 

1

SSB 2

SSB 4

SSB 3

R

B

 

I

n

d

e

x


oleObject4.bin

