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Introduction
For Dual connectivity, a couple of companies proposed resource partitioning or coordination of UL/DL processing capabilities between MCG and SCG [1][2][3] in RAN1#76 meeting. UL/DL processing capabilities are specified as UE Category [4]:
· Downlink
· Maximum number of bits of a DL-SCH transport block received within a TTI
· Maximum number of DL-SCH transport block bits received within a TTI
· Total number of soft channel bits
· Uplink
· Maximum number of bits of an UL-SCH transport block transmitted within a TTI
· Maximum number of UL-SCH transport block bits transmitted within a TTI

We think this aspect should be considered for Dual Connectivity. 
UL/DL processing capability in DC
A UE has limited UL/DL processing capabilities according to its UE Category. As MAC scheduler of MeNB and SeNB does not coordinate their scheduling to a UE, sum of TB bits scheduled on each cell group within a TTI may exceed its capability. 
If the sum exceeds its capability, part or all  of DCIs on MCG and SCG may be discarded by the UE as they/it may be assumed as inconsistent. Consequently, unexpected retransmission could happen and user/cell throughput may be degraded.
DL capability
Firstly we look at the case of category 4 without any solution as an example of Rel-8 UE category. Maximum number of TB bits scheduled to the UE within a TTI on a cell depends on system band width of the cell. Table 2.1-1 summarizes sum of that of MCG (non-CA, up to 2 layers) and SCG (non-CA, up to 2 layers) for combination of DL system band width. In the table, the combinations of system band widths  where the sum are within UE capability are highlighted with green and the combinations where the sum exceeds UE capability are highlighted with red.

For UE Category 4, there are several combinations of system band widths highlighted with red where the sum  may exceed UE capability. For such  combinations, some restrictions to MAC scheduler, e.g. semi-static partitioning of UL/DL processing capabilities, would be needed if DC should be supported for UE Category 4 (or lower). Some solution for the restriction is discussed later part of this document.

Table 2.1-1: Sum of maximum number of TB bits within a TTI scheduled on MCG and SCG (DL) for UE Category 4 (150752 bits at maximum within a TTI)

	CAT 4
	
	MCG (1 CC, up to 2 layers)

	
	RB
	6
	15
	25
	50
	75
	100 - 110

	SCG
(1CC, up to 2 layers)
	6
	17568
	30912
	45456
	82176
	118896
	159536

	
	15
	30912
	44256
	58800
	95520
	132240
	172880

	
	25
	45456
	58800
	73344
	110064
	146784
	187424

	
	50
	82176
	95520
	110064
	146784
	183504
	224144

	
	75
	118896
	132240
	146784
	183504
	220224
	260864

	
	100
	159536
	172880
	187424
	224144
	260864
	301504


· Highlighted with green: the total amount of TB bits within a TTI is within UE capability
· Highlighted with read: the total amount of TB bits within a TTI exceeds UE capability

Table 2.1-2 (a) – (d) summarize  the case of UE category 6/7.
It can be seen that sum of TB bits scheduled on MCG and SCG within a TTI does not exceed UE capability for the case that single cell within each cell group of DC and MIMO transmission is restricted up to 2 layers (Table 2.1-2 (a)). Note that achievable user throughput would be 150Mbps if user data is offloaded to SCG and MCG is used for C-Plane and mobility for this configuration.

For other cases (Table2.1-2 (b), (c), (d)), i.e. more than 2 layers and/or more than 2 CCs across MCG and SCG, the sum of TB bits scheduled on MCG and SCG may exceed UE capability.

Table 2.1-2: Sum of maximum number of TB bits within a TTI scheduled on MCG and SCG (DL) for UE Category 6/7 (301504 bits at maximum within a TTI)
(a) MCG: 1 CC, up to 2 layers; SCG: 1 CC, up to 2 layers
	CAT 6/7
	
	MCG (1 CC, up to 2 layers)

	
	RB
	6
	15
	25
	50
	75
	100 - 110

	SCG
(1CC, up to 2 layers)
	6
	17568
	30912
	45456
	82176
	118896
	159536

	
	15
	30912
	44256
	58800
	95520
	132240
	172880

	
	25
	45456
	58800
	73344
	110064
	146784
	187424

	
	50
	82176
	95520
	110064
	146784
	183504
	224144

	
	75
	118896
	132240
	146784
	183504
	220224
	260864

	
	100
	159536
	172880
	187424
	224144
	260864
	301504



 (b) MCG: 1 CC, up to 4 layers; SCG: 1 CC, up to 4 layers
	CAT 6/7
	
	MCG (1 CC, up to 4 layers)

	
	RB
	6
	15
	25
	50
	75
	100 - 110

	SCG
(1CC, up to 4 layers)
	6
	35040
	61824
	90912
	164944
	237792
	317072

	
	15
	61824
	88608
	117696
	191728
	264576
	343856

	
	25
	90912
	117696
	146784
	220816
	293664
	372944

	
	50
	164944
	191728
	220816
	294848
	367696
	446976

	
	75
	237792
	264576
	293664
	367696
	440544
	519824

	
	100
	317072
	343856
	372944
	446976
	519824
	599104



(c) MCG: 1 CC, up to 2 layers; SCG: 2 CC, up to 2 layers
	CAT 6/7
	
	MCG (1 CC, up to 2 layers)

	
	RB
	6
	15
	25
	50
	75
	100 - 110

	SCG
(1CC, up to 2 layers)
	6
	26352
	39696
	54240
	90960
	127680
	168320

	
	15
	53040
	66384
	80928
	117648
	154368
	195008

	
	25
	82128
	95472
	110016
	146736
	183456
	224096

	
	50
	155568
	168912
	183456
	220176
	256896
	297536

	
	75
	229008
	242352
	256896
	293616
	330336
	370976

	
	100
	310288
	323632
	338176
	374896
	411616
	452256



(d) MCG: 1 CC, up to 2 layers; SCG: 1 CC, up to 4 layers
	CAT 6/7
	
	MCG (1 CC, up to 2 layers)

	
	RB
	6
	15
	25
	50
	75
	100 - 110

	SCG
(1CC, up to 4 layers)
	6
	26304
	39648
	54192
	90912
	127632
	168272

	
	15
	53088
	66432
	80976
	117696
	154416
	195056

	
	25
	82176
	95520
	110064
	146784
	183504
	224144

	
	50
	156208
	169552
	184096
	220816
	257536
	298176

	
	75
	229056
	242400
	256944
	293664
	330384
	371024

	
	100
	308336
	321680
	336224
	372944
	409664
	450304



For UE category 9/10, up to 3 CCs across MCG and up to two layers, there would be no issue, similar to category 6/7.
For UE category 8, there would be no issue for any configurations (up to 5 CCs across MCG and SCG).
Observation 1:
From DL processing capability point of view, if only UE Category 6 or higher and up to 2 layers for MIMO would be supported for DC and the network properly configures CCs so that issues would not happen according UE Category, there would be no issue. 
Otherwise, some solution would be needed so that sum of the number of TB bits scheduled within a TTI on MCG and SCG would not exceed UE capability.
UL capability
Up to UE Category 6 and UE category 9, there would be the same issue as DL of UE category 4, i.e. the sum of TB bits scheduled on MCG and SCG may exceed UE capability, as shown in Table 2.2-1.

Table 2.2-1: Sum of maximum number of TB bits within a TTI scheduled on MCG and SCG (UL) for UE Category 4/6/9
	CAT 4/6/9
	
	MCG (1 CC, non-MIMO)

	
	RB
	6
	15
	25
	50
	75
	100 – 110

	SCG
(1CC, non-MIMO)
	6
	8784
	15456
	22728
	41088
	55416
	55416

	
	15
	15456
	22128
	29400
	47760
	62088
	62088

	
	25
	22728
	29400
	36672
	55032
	69360
	69360

	
	50
	41088
	47760
	55032
	73392
	87720
	87720

	
	75
	55416
	62088
	69360
	87720
	102048
	102048

	
	100
	55416
	62088
	69360
	87720
	102048
	102048



For UE Category 7 and 10 without UL MIMO capability, there would be no issue up to 2 UL CCs across MCG and SCG as shown in Table 2.2-2. However there would be the same issue for more than 2 UL CCs across MCG and SCG.
Table 2.2-2: Sum of maximum number of TB bits within a TTI scheduled on MCG and SCG (UL) for UE Category 7/10
	CAT 7/10
	
	MCG (1 CC, non-MIMO)

	
	RB
	6
	15
	25
	50
	75
	100 – 110

	SCG
(1CC, non-MIMO)
	6
	8784
	15456
	22728
	41088
	55416
	55416

	
	15
	15456
	22128
	29400
	47760
	62088
	62088

	
	25
	22728
	29400
	36672
	55032
	69360
	69360

	
	50
	41088
	47760
	55032
	73392
	87720
	87720

	
	75
	55416
	62088
	69360
	87720
	102048
	102048

	
	100
	55416
	62088
	69360
	87720
	102048
	102048



For UE Category 7 and 10 with UL MIMO configured, there could be system band width combinations where the sum of TB bits scheduled on MCG and SCG may exceed UE capability, as shown in Table 2.2-3.
Table 2.2-3: Maximum total amount of TB bits within a TTI across MCG and SCG (UL) for UE Category 7/10
	CAT 7/10
	
	MCG (1 CC, MIMO)

	
	RB
	6
	15
	25
	50
	75
	100 – 110

	SCG
(1CC, MIMO)
	6
	17568
	30912
	45456
	82176
	110832
	110832

	
	15
	30912
	44256
	58800
	95520
	124176
	124176

	
	25
	45456
	58800
	73344
	110064
	138720
	138720

	
	50
	82176
	95520
	110064
	146784
	175440
	175440

	
	75
	110832
	124176
	138720
	175440
	204096
	204096

	
	100
	110832
	124176
	138720
	175440
	204096
	204096



For UE Category 8, there would be no issue for any configurations (up to 5 CCs across MCG and SCG).
Observation 2:
From UL processing capability point of view, if only UE Category 7, 10 (and 8) would be supported for DC and total number of CCs across MCG is configured by the network properly according UE Category and no UL MIMO is configured, there would be no issue. Otherwise, some solution would be needed so that total amount of TB bits within a TTI across MCG and SCG would not exceed UE capability.
Soft buffer
Similar to CA case, soft buffer partitioning should be defined across MCG and SCG for DC.
Discussion on possible solutions
Some solution would be needed to avoid the issue discussed in Section 2 if DC should be supported irrespective of UE Category and MIMO configuration. Note that any solution would not be needed for some combination of UE Category and configuration as discussed in Section 2, i.e. MAC scheduler may schedule resources to the UE in DC without any restriction.

We consider two kinds of approaches would be possible for a solution to avoid the issue, one approach would be by limiting maximum total number of Transport Block bits by each eNB (Option A), and another would be by increasing UE capability (Option B):

Option A: Semi-static partitioning of UE UL/DL processing capability and soft buffer:
· Maximum number of DL-SCH transport block bits received within a TTI
· Maximum number of UL-SCH transport block bits transmitted within a TTI
· Total number of soft channel bits, among MeNB and SeNB
These capabilities are semi-statically split between MCG and SCG
· Option A1: in proportion of the number of aggregated CCs of MCG and SCG
· Option A2: with equal size of bits between MCG and SCG
· Option A3: with configurable size (or ratio) of bits between MCG and SCG
· etc.

Option B: DC capable UE has full capability as UE Category for each MCG and SCG
· Option B1: The same UE Category for MCG and SCG
· Option B2: UE Category for MCG and SCG may be different

Option A
On DL/UL processing capability:
· Maximum number of DL-SCH transport block bits received within a TTI
· Maximum number of UL-SCH transport block bits transmitted within a TTI
With this option, MAC scheduler of each eNB may schedule Transport Block bits up to semi-statically partitioned size of these capabilities. Therefore, user peak rate would also be partitioned among MeNB and SeNB, i.e. achievable user peak rate on each MCG and SCG is less than UE Category. If data traffic is offloaded to SeNB, user peak rate will be less than expected from UE Category.
A number of sub-options could be considered on how to split these capabilities between MCG and SCG as listed in section 2. Achievable user peak rate on each MCG and SCG is different among options. It may be known from Figure 2-1, as user peak rate on each Uu is in proportion to the partitioned size of these capabilities.
With option A1, when the number of CCs is changed in an eNB in DC, partitioned size of these parameters in both eNB will change while with option A2/A3, partitioned size will not.

Option A1 will be the same as no resource partitioning for the UE: 
· UE Category 7 up to 2 CC for UL/DL across MCG and SCG or
· UE Category 10 up to 3 CC for DL, 2 CC for UL across MCG and SCG,
· AND up to 2 layers for DL and without MIMO for UL.
From this, option A1 would be preferable among sub-options of option A from this aspect.

Table 3.1-1 summarizes the maximum number sum of TB bits scheduled on MCG and SCG within a TTI for Category 4 with option A1, as an example case. For this case, option A2 gives the same result.

Table 3.1-1: Sum of maximum number of TB bits within a TTI scheduled on MCG and SCG (DL) for UE Category 4 with option A1 (150752 bits at maximum within a TTI)
	CAT 4
	
	MCG (1 CC, up to 2 layers)

	
	RB
	6
	15
	25
	50
	75
	100 - 110

	SCG
(1CC, up to 2 layers)
	6
	17568
	30912
	45456
	82176
	84160
	84160

	
	15
	30912
	44256
	58800
	95520
	97504
	97504

	
	25
	45456
	58800
	73344
	110064
	112048
	112048

	
	50
	82176
	95520
	110064
	146784
	148768
	148768

	
	75
	84160
	97504
	112048
	148768
	150752
	150752

	
	100
	84160
	97504
	112048
	148768
	150752
	150752



On Soft buffer partitioning:
In Rel-10, semi-static partitioning of total number of soft channel bits among CCs with equal size is specified for CA. This scheme might be reused among CCs across MCG and SCG (i.e. Option A1). Soft buffer for each CC of MCG and SCG results into the same size. It seems, from UE point of view, this scheme would not be so much different from soft buffer partitioning for CA in Rel-10. Resulting size of soft buffer is identical to Rel-10 scheme if the number of CCs is counted across MCG and SCG. Therefore option A1 would have least specification impact among sub-options of Option A. 
With sub-option A2/A3, firstly total number of soft channel bits would be split between MeNB and SeNB:
· Option A2: with equal size
· Option A3: with configured size (or ratio)
And then, soft buffer partitioning among CCs within each eNB for CA will be performed with semi-statically partitioned soft channel bits. These sub-options may cause mixture of two different size of soft buffer between CCs of MeNB and CCs of SeNB within a UE as shown in Figure 2-2, and result in more variation of size of soft buffer.

Option B
Option B means almost to implement two physical layers one for MCG the other for SCG into a UE. With option B, no semi-static partitioning or no coordination between MeNB and SeNB on the aspect discussed in this contribution would be required at least from RAN1 point of view.
Merit of this option compared to option A will be user peak rate as much as UE Category on any cell group. As the motivation of Dual Connectivity is higher user throughput, Option B would be more in line with motivation of Dual Connectivity. And with regard to L1 aspect discussed in this contribution, each eNB can operate in independent manner and no or least specification impact would be expected.

One drawback would be double processing capability than UE capability and its cost. For example, Category 4 with option B results in the same result as Category 7 (Table 3.2-1).
UE Category 7 or 10 without UL MIMO capability and DL MIMO capability up to 2 layers, this option would not be useful as they don’t require any solution.

Table 3.2-1: Sum of maximum number of TB bits within a TTI scheduled on MCG and SCG (DL) for UE Category 4 with option B (150752 bits at maximum within a TTI per cell group)
(a) MCG: 1 CC, up to 2 layers; SCG: 1 CC, up to 2 layers
	CAT 4 with option B
	MCG (1 CC, up to 2 layers)

	
	RB
	6
	15
	25
	50
	75
	100 - 110

	SCG
(1CC, up to 2 layers)
	6
	17568
	30912
	45456
	82176
	118896
	159536

	
	15
	30912
	44256
	58800
	95520
	132240
	172880

	
	25
	45456
	58800
	73344
	110064
	146784
	187424

	
	50
	82176
	95520
	110064
	146784
	183504
	224144

	
	75
	118896
	132240
	146784
	183504
	220224
	260864

	
	100
	159536
	172880
	187424
	224144
	260864
	301504




Summary
For Dual Connectivity, in our understanding, sum of Transport Block bits scheduled on MCG and SCG within a TTI must be kept less or equal to Maximum number of DL-SCH transport block bits received within a TTI for DL / Maximum number of UL-SCH transport block bits transmitted within a TTI for UL defined as UE Category. And also Soft buffer partitioning will be also required.
For UE Category 7 / 10 supporting 2 /3 DL CC CA band combinations and 2 UL CC CA band combinations with DL MIMO capability up to 2 layers and without UL MIMO capability, this aspect could be achieved without any standardized solution. 
For other case, on the other hand, standardised solution seems to be necessary.
We discussed about the solution in two approaches: 
Option A: Semi-static partitioning of UE base band processing capability and soft buffer:
· Maximum number of DL-SCH transport block bits received within a TTI
· Maximum number of UL-SCH transport block bits transmitted within a TTI
· Total number of soft channel bits, among MeNB and SeNB
These capabilities are semi-statically split between MCG and SCG: 
· Option A1: in proportion of the number of aggregated CCs of MCG and SCG
· Option A2: with equal size of bits between MCG and SCG
· Option A3: with configurable size (or ratio) of bits between MCG and SCG
· etc.

Option B: DC capable UE has full capability as UE Category for each MCG and SCG
· Option B1: The same UE Category for MCG and SCG
· Option B2: UE Category for MCG and SCG may be different

Among Options listed above, option A1 would be reasonable as it gives the same result as no solution for UE Category 7 / 10 with capability mentioned above. 
Option B might be beneficial for esp. Rel-8 UE Category from achievable user through put point of view if it could be acceptable Category 4 with option B is almost equivalent to Category 7, for example.
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Annex
UL/DL processing capability defined in [4]
Table 4.1-1: Downlink physical layer parameter values set by the field ue-Category
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note)
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL

	Category 1
	10296
	10296
	250368
	1

	Category 2
	51024
	51024
	1237248
	2

	Category 3
	102048
	75376
	1237248
	2

	Category 4
	150752
	75376
	1827072
	2

	Category 5
	299552
	149776
	3667200
	4

	Category 6
	301504
	149776 (4 layers)
75376 (2 layers)
	3654144
	2 or 4

	Category 7
	301504
	149776 (4 layers)
75376 (2 layers)
	3654144
	2 or 4

	Category 8
	2998560
	299856
	35982720
	8

	NOTE:	In carrier aggregation operation, the DL-SCH processing capability can be shared by the UE with that of MCH received from a serving cell. If the total eNB scheduling for DL-SCH and an MCH in one serving cell at a given TTI is larger than the defined processing capability, the prioritization between DL-SCH and MCH is left up to UE implementation.



Table 4.1-2: Uplink physical layer parameter values set by the field ue-Category
	UE Category
	Maximum number of UL-SCH transport block bits transmitted within a TTI
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI
	Support for 64QAM in UL

	Category 1
	5160
	5160
	No

	Category 2
	25456
	25456
	No

	Category 3
	51024
	51024
	No

	Category 4
	51024
	51024
	No

	Category 5
	75376
	75376
	Yes

	Category 6
	51024
	51024
	No

	Category 7
	102048
	51024
	No

	Category 8
	1497760
	149776
	Yes







