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Introduction
Work item Dual Connectivity for LTE has been approved in [1]. And RAN1 aspect will be discussed in RAN1#76.

From Rel-8, including Carrier Aggregation, a UE supports to receive/transmit Transport Block bits up to its UE Category within a TTI, defined by the following parameters [2]:
· 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
In other words, UE does not support more Transport Block bits than these parameters within a TTI.

We think this aspect should be considered for Dual Connectivity. In this contribution, we discuss this aspect for Dual Connectivity and some solutions.
Discussion on UE capabilities defined as UE Category
Firstly, if we look at the case of CA (Carrier Aggregation), total amount of Transport Block bits on all aggregated CCs (Component Carries) to/from a UE within a TTI is kept less or equal to Maximum number of DL-SCH transport block bits received within a TTI / Maximum number of UL-SCH transport block bits transmitted within a TTI. And total number of soft channel bits of a UE is split equally among configured DL CCs semi-statically (so called soft buffer partitioning).

In case of DC (Dual Connectivity), in our understanding, total amount of Transport Block bits on all aggregated CC’s of MeNB and SeNB to/from a UE within a TTI must be kept less or equal to these parameters (capabilities) of its UE Category. However, dynamic coordination of total amount of Transport Block bits between MeNB and SeNB is not possible due to non-ideal backhaul and independent scheduling operation in each eNB. If each MAC scheduler of MeNB and SeNB would schedule up to maximum number of Transport Block bits defined as UE Category to the UE within the same TTI, the UE could be assigned up to two times larger amount of Transport Block bits than UE Category. However, it would not be possible for the UE. Therefore a solution to resolve this is required for DC. And also soft channel bits of the UE also need to be partitioned among MeNB and SeNB for LBRM as well as among CCs of each eNB.

We consider two kinds of approaches would be possible for a solution to avoid total number of Transport Block bits assigned to a UE by MeNB and SeNB within a TTI exceeding UE Category, one approach is by limiting maximum number of Transport Block bits by each eNB (Option A), another is by increasing UE capability (Option B):

Option A: Semi-static partitioning of 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
[bookmark: _GoBack]These capabilities are semi-statically split between  (Uu between UE and MeNB) and  (Uu between UE and SeNB). These terminology  and  are used in this contribution for our convenience.
· Option A1: in proportion of the number of aggregated CCs of  and 
· Option A2: with equal size of bits between each  and 
· Option A3: with configurable size (or ratio) of bits between  and 
· etc.

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


Example for each option is depicted in Figure 2-1 and 2-2, assuming 
· single cell for MeNB,
· 2 DL CA for SeNB, 
· 1:3 partitioning ratio between MeNB and SeNB for option A3,
· the same UE Category for  and  for option B (i.e. Option B1)
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Figure 2-1: example of partitioning of “Maximum number of DL-SCH transport block bits received within a TTI” for DC
 [image: ]
Figure 2-2: example of soft buffer partitioning for DC


Discussion on solutions
Block diagram
It may be beneficial to look at block diagram of DC capable UE with option A or B for better understanding of difference between these options. In Figure 3-1, example of simplified block diagram of a DC capable UE for each option is shown.
Regarding TRX part (RF part, Up/Down converter, A/D and D/A), there will be no difference between option A and B. One possible use case of Dual Connectivity would be MeNB is operated at lower frequency band for coverage and mobility and SeNB is operated at higher frequency band for higher throughput at hot spot. In such use case, two (or more) independent TRX part may be implemented for each  and  like Figure 3-1.
Base band processing part would be different between option A and B. It is shown as BB in Figure 3-1, where, it is assumed each BB block has enough ability to fulfil UE Category of the UE. In option A, base band processing could be shared while in option B, base band processing may be independent.
Regarding MAC part, there will be no difference between option A and B.

Observation:
It seems main difference between option A and B would be whether base band processing unit may be shared by  and  or not.

	Option A
	Option B
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Figure 3-1: Example simplified block diagram of a DC capable UE

Discussion on Option A
On semi-static partitioning among MeNB ans SeNB of 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  and  is less than UE Category. User peak rate as high as UE Category could be achieved only when both  and  are fully utilized. 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 MeNB and SeNB as listed in section 2. Achievable user peak rate on each of  or  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. 
As semi-static partitioning of these capabilities would be a new feature if supported, some specification impact would be expected.

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 MeNB and SeNB (i.e. Option A1). Soft buffer for each CC of MeNB and SeNB 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 MeNB and SeNB. Therefore least specification impact would be expected 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.

On Maximum number of bits of a DL-SCH transport block received within a TTI / Maximum number of bits of an UL-SCH transport block transmitted within a TTI
Basically, these capabilities would not need to be partitioned as this describes the maximum size of a single Transport Block. However, in some case, maximum size of a Transport Block may be limited not by these parameters but by the partitioned capabilities of Maximum number of DL-SCH transport block bits received within a TTI / Maximum number of UL-SCH transport block bits transmitted within a TTI discussed at the top of this sub-clause.

Discussion on Option B
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 either of  and . 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 cost of UE. This option would require as if implementing two independent physical layers for  and  into a DC capable UE.
Summary
In our understanding, total number of Transport Block bits assigned by MeNB and SeNB within a TTI must be kept less or equal to Maximum number of DL-SCH transport block bits received within a TTI / Maximum number of UL-SCH transport block bits transmitted within a TTI defined as UE Category for Dual Connectivity. And also Soft buffer partitioning will be also required.
We discussed about solution to achieve this in two approaches: 
Option A: Semi-static partitioning of 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  (Uu between UE and MeNB) and  (Uu between UE and SeNB) 
· Option A1: in proportion of the number of aggregated CCs of  and 
· Option A2: with equal size of bits between each  and 
· Option A3: with configurable size (or ratio) of bits between  and 
· etc.

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

Between Option A and B, option B seems attractive from the following reasons:
· (nominal) user peak rate as much as UE Category may be achievable on each Uu, i.e. more in line with motivation of Dual Connectivity
· least (or no) RAN1 specification impact is expected
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Annex
Annex A
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



Table 4.1-3: Total layer 2 buffer sizes set by the field ue-Category
	UE Category
	Total layer 2 buffer size [bytes]

	Category 1
	150 000

	Category 2
	700 000

	Category 3
	1 400 000

	Category 4
	1 900 000

	Category 5
	3 500 000

	Category 6
	3 300 000

	Category 7
	3 800 000

	Category 8
	42 200 000
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