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1 Introduction

In this contribution, considerations on UE peak rate determination in relation to the incoming LS on formula or table for L1 data rate [1], and some remaining details on DL/UL RA are discussed.
2 UE peak data rates and signaling
The following formula for deriving the approximate peak data rate for NR was agreed in [2]:

· 
[image: image1.wmf](

)

å

=

-

÷

÷

ø

ö

ç

ç

è

æ

-

×

×

×

×

×

×

×

=

J

j

j

s

j

BW

PRB

j

j

m

j

OH

T

N

R

f

Q

v

Layers

1

)

(

),

(

max

)

(

)

(

)

(

6

1

12

10

Mbps)

(in 

 

rate

 

data

m

m


wherein

· J is the number of aggregated component carriers in a band or band combination

· Rmax = 948/1024

· For the j-th CC,

· 
[image: image2.wmf])

(

j

Layers

v

 is the maximum number of layers 

· 
[image: image3.wmf])

(

j

m

Q

 is the maximum modulation order
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is the scaling factor 

· The scaling factor can at least take the values 1 and 0.75. 
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is signalled per band and per band per band combination as per UE capability signalling

· 
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 is the numerology (as defined in TS38.211)
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 is the average OFDM symbol duration in a subframe for numerology 
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, i.e. 
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. Note that normal cyclic prefix is assumed.
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, as given in TR 38.817-01 section 4.5.1 (to be eventually defined in TS 38.101), where 
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 is the UE supported maximum bandwidth in the given band or band combination
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is the overhead and takes the following values

· 0.14, for frequency range FR1 for DL

· 0.18, for frequency range FR2 for DL

· 0.08, for frequency range FR1 for UL

· 0.10, for frequency range FR2 for UL

· Note: Only one of the UL or SUL carriers (the one with the higher data rate) is counted for a cell operating SUL 

· The approximate maximum data rate can be computed as the maximum of the approximate data rates computed using the above formula for each of the supported band or band combinations.

Additionally, RAN2 has requested information on the down scaling factor, 
[image: image15.wmf])

(

j

f

, and use cases for down scaling value of 0.75 in [1]. 

As discussed in our companion contribution in [3], there are many use cases for the down scaling factor. In summary, the scaling factor is to compensate for the gap between supported RF and baseband capabilities, difference in processing capability in DL and UL, and most importantly hardware resource sharing between LTE-NR DC in EN-DC scenarios. Therefore, the scaling factor signaling mechanic should have enough flexibility such that UE inform the network the maximum data rate limitation for each band in each band combination.
Details of the use case examples can be found in [3].

Based on use cases of the down scaling factor, support of separate down scaling factor for DL and UL seems critical. To that extent we proposal to support scaling factor to support values {1, 0.8, 0.75, 0.67, 0.6, 0.5, 0.4}. Potential reduction of number of scaling factors may be further considered.
Furthermore, to provide appropriate scaling factor that can potentially stem from difference in RF and baseband capability, signaling for per band and per band combination is recommended. However, we understand that per band and per band combination signaling may cause signaling burden for upper layers. Therefore, could consider per CC and per baseband processing combination (BPC) as a compromise to provide flexibility and reduction of signaling overhead from indication of values per band combination.

Proposal 2.1:

· Support the down scaling factor {1, 0.8, 0.75, 0.67, 0.6, 0.5, 0.4} for DL, and for UL.
· FFS on potential reduction of number of scaling factor values for DL and RL.

· Support separate down scaling factor for DL and UL.

· Scaling factor signaling should be per CC and per BPC.

A corresponding draft response LS is provided in [4].

3 Default time-domain RA tables

Currently, the time-domain resource allocation employs a combination of UE-specific RRC signaling that configures a UE with up to 16 rows for pdsch-symbolAllocation and pusch-symbolAllocation respectively and DCI time domain RA bit field uses up to 4 bits to indicate a combination of K0 (K2 for PUSCH), starting symbol and length, and the mapping type (A or B) from the RRC configured tables.

However, for scheduling of PDSCH/PUSCH prior to RRC connection establishment and when fallback DCI formats are used, the RRC configuration of pdsch-symbolAllocation and pusch-symbolAllocation are not available. Hence, alternative means need to be supported. 

In this regard, RAN1 sent an LS [6] to RAN2 at the last meeting requesting RAN2 to consider the possibility for providing the RRC-configured table in RMSI to configure PDSCH and PUSCH symbol allocations for PDSCH/PUSCH scheduling after RMSI, where the RRC-configurable table via dedicated signaling was previously agreed in RAN1. Irrespective of the feasibility of such signaling from RAN2 perspective, at least for RMSI scheduling, some default time-domain tables would need to be agreed. 
In this regard, the following “possible offline consensus” were reported [7]:

· Define separate fixed time domain resource allocation values for each RMSI CORESET multiplexing pattern 1/2/3 for PDSCH scheduled by 0/0a/2 CSS

· Total of 3 tables, one per pattern

· Define at least one set of fixed time domain resource allocation values for other PDSCH scheduled by 1/3 CSS or USS, until RRC-configured table is received

· Define at least one set of fixed time domain resource allocation values for PUSCH until RRC-configured table is received

Given the LS to RAN2, it would be quite reasonable for RAN1 to focus on defining time-domain RA tables for RMSI delivery first, as the design of default tables may be somewhat redundant in case RAN2 can accommodate signaling of default tables for symbol allocations for PDSCH and PUSCH in SIB1.
Towards this, the proposed tables in [7] provide a good set of options considering the different RMSI CORESET multiplexing patterns (1, 2, and 3). For convenience, these are reproduced below from [7]:

Table 5.1.2.1-x: Resource allocation for PDSCH scheduled using CORESET #0 and multiplexing pattern 1
	i
	PDSCH mapping type
	K0
	S
	L

	0
	Type A
	0
	2
	12

	1
	Type A
	0
	2
	10

	2
	Type A
	0
	2
	9

	3
	Type A
	0
	2
	8

	4
	Type B
	0
	4
	7

	5
	Type B
	0
	4
	4

	6
	Type B
	0
	9
	4

	7
	Type A
	0
	3
	11

	8
	Type A
	0
	3
	9

	9
	Type A
	0
	3
	8

	10
	Type A
	0
	3
	7

	11
	Type B
	0
	3
	4

	12
	Type B
	0
	10
	4

	13
	Type B
	0
	5
	2

	14
	Type B
	0
	9
	2

	15
	Type B
	0
	12
	2


Table 5.1.2.1-x: 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-x: 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


As can be seen from the above, all the entries in the Table for RMSI CORESET multiplexing pattern #3 are included in the Table for RMSI CORESET multiplexing pattern #2. Thus, it could be considered to only define the first two tables in the RAN1 specifications with restrictions to indices = {1, 2, 3, 4} from the second table in case of CORESET with multiplexing pattern #3.
Proposal 3.1:

· Agree on the default tables for PDSCH scheduling using CORESET #0 and different RMSI CORESET multiplexing patterns as listed in R1-1803504.

Next, for the default PDSCH/PUSCH tables for scheduling by DCI in Type 3 CSS or USS, until RRC-configured table is received, there is no need to consider such specified tables if the corresponding configuration can be provided via cell-specific RRC signaling.

However, in case default tables still need to be defined, the proposed tables from can serve as good starting points, with some simplification to the default table for PDSCH as indicated below by removing the duplicated rows and obviating the need to overload some of the code-points depending on the location of the CORESET monitoring occasion within a slot.

Table 3.1: Default resource allocation for PDSCH scheduled using other than CORESET#0

	i
	PDSCH mapping type
	K0
	S
	L

	0
	Type A
	0
	0
	14

	1
	Type A
	0
	0
	12

	2
	Type A
	0
	0
	11

	3
	Type A
	0
	0
	10

	4
	Type A
	0
	2
	12

	5
	Type A
	0
	2
	10

	6
	Type A
	0
	2
	9

	7
	Type A
	0
	2
	8

	8*
	Type A
	0
	0
	14

	9*
	Type A
	0
	0
	12

	10*
	Type A
	0
	0
	11

	11*
	Type A
	0
	0
	10

	8
	Type A
	0
	3
	11

	9
	Type A
	0
	3
	9

	10
	Type A
	0
	3
	8

	11
	Type A
	0
	3
	7

	12
	Type B
	0
	4
	7

	13
	Type B
	0
	5
	2

	14
	Type B
	0
	9
	2

	15
	Type B
	0
	12
	2


* Applicable only if scheduled with a CORESET residing within the first two symbols in the slot

**not applicable if CORESET not in the first two symbols of the slot

Proposal 3.2:

· Default tables are not necessary if time-domain resource allocation tables can be provided via cell-specific RRC signaling (RMSI), depending on RAN2 decision.

· In case default tables for PDSCH and PUSCH are still needed to be defined in RAN1 specs, use the table for PUSCH as proposed in R1-1803504 and a simplified version of the table for PDSCH from R1-1803504. 
4 VRB-to-PRB mapping for PUSCH
On VRB-to-PRB mapping some further details on Layer 1 signaling interpretations were agreed during the last meeting [1]:
Agreements:

· Capture interpretation of ‘VRB-to-PRB mapping’ bit in 38.212 (0=non-interleaved, 1=interleaved). 

· Non-interleaved mapping is used as default in 38.211 when no ‘VRB-to-PRB mapping’ bit is present in the DCI.

· The default bundling size is 2.

As the VRB-to-PRB mapping is applied to the entire BWP, for PUSCH with interleaved VRB-to-PRB mapping this results in non-contiguous sets of PRBs allocated for the PUSCH. This can significantly impact UE implementation and resulting coverage due to IMD issues. Further, following RAN Plenary prioritization, UL transmissions with contiguous allocations are prioritized for Rel-15. 

In our view, interleaved VRB-to-PRB mapping is applied only when the PUSCH is allocated the entire UL BWP. From a technical standpoint, this would provide diversity at the CB level for large PUSCH allocations spanning the entire UL BWP. On the other hand, when the PUSCH does not span the entire UL BWP, especially for relatively smaller PUSCH allocation, frequency hopping is a much more appropriate mechanism already supported in NR. 

Proposal 4.1:

· For PUSCH, interleaved VRB-to-PRB mapping is applied only when the allocated PUSCH spans the entire UL BWP.

Following the above and considering the following FFS item from RAN1 #91 meeting, it is proposed that for UL scheduling DCI formats (0_0 and 0_1), the FH and VRB-to-PRB fields are unified.

FFS from RAN1 #91[5]:

	 VRB-to-PRB mapping
	1
	[C]
	F?
	Flag to control VRB-to-PRB mapping (block interleaved or non-block interleaved). Only present/relevant for resource allocation type 1

FFS if present in fallback and how to handle the relation to the FH flag

	FH flag
	1
	[C]
	F
	To control uplink frequency hopping. Some resource allocation filed bits are interpreted differently in case of hopping.

Open issue: are interleaved VRB-to-PRB mapping and frequency hopping independently controlled or can the two fields be merged?


Conditioned on the PUSCH frequency domain resource allocation, the bit-field is interpreted as indication of FH enabling/disabling or VRB-to-PRB indicator: 

· If the PUSCH allocation in frequency domain spans the UL BWP

· The DCI bit-field is interpreted to indicate whether or not interleaved VRB-to-PRB mapping is used

· Otherwise

· The DCI bit-field is interpreted to indicate whether or not FH is enabled. In this case, non-interleaved VRB-to-PRB mapping is assumed.

Proposal 4.2:

· The FH and VRB-to-PRB indicator fields in UL DCI formats 0_0 and 1_0 are unified to a single bit-field.
· If the PUSCH allocation in frequency domain spans the UL BWP,
· The DCI bit-field is interpreted to indicate whether or not interleaved VRB-to-PRB mapping is used
· Otherwise,

· The DCI bit-field is interpreted to indicate whether or not FH is enabled. In this case, non-interleaved VRB-to-PRB mapping is assumed.

5 Conclusions

In this contribution, we discussed UE peak rate determination in relation to the incoming LS on formula or table for L1 data rate [1], and some remaining details on DL/UL RA. Based on the presented discussions, we make the following proposals:
Proposal 2.1:

· Support the down scaling factor {1, 0.8, 0.75, 0.67, 0.6, 0.5, 0.4} for DL, and for UL.
· FFS on potential reduction of number of scaling factor values for DL and RL.

· Support separate down scaling factor for DL and UL.

· Scaling factor signaling should be per CC and per BPC.

Proposal 3.1:

· Agree on the default tables for PDSCH scheduling using CORESET #0 and different RMSI CORESET multiplexing patterns as listed in R1-1803504.

Proposal 3.2:

· Default tables are not necessary if time-domain resource allocation tables can be provided via cell-specific RRC signaling (RMSI), depending on RAN2 decision.

· In case default tables for PDSCH and PUSCH are still needed to be defined in RAN1 specs, use the table for PUSCH as proposed in R1-1803504 and a simplified version of the table for PDSCH from R1-1803504. 

Proposal 4.1:

· For PUSCH, interleaved VRB-to-PRB mapping is applied only when the allocated PUSCH spans the entire UL BWP.

Proposal 4.2:

· The FH and VRB-to-PRB indicator fields in UL DCI formats 0_0 and 1_0 are unified to a single bit-field.
· If the PUSCH allocation in frequency domain spans the UL BWP,
· The DCI bit-field is interpreted to indicate whether or not interleaved VRB-to-PRB mapping is used
· Otherwise,

· The DCI bit-field is interpreted to indicate whether or not FH is enabled. In this case, non-interleaved VRB-to-PRB mapping is assumed.
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