3GPP TSG-RAN WG1 Meeting #77
R1-142535
Seoul, Korea, 19 - 23 May 2014
Agenda item:

6.2.4
Source:
Broadcom Corporation
Title:
Considerations on UE capabilities in DuCo
Document for:

Discussion and Decision

1
Introduction
This contribution discusses UE capabilities for Dual Connectivity. The aim of the contribution is to define a baseline for the relevant UE categories supporting DuCo, how a void exceeding the UE processing capabilities when transmitting independently from MeNB and SeNB and the relationship between carrier aggregation support and DuCo support.
2
Discussion
2.1 Applicable UE categories
The existing UE capabilities are summarized in Table 4.1-1 and Table 4.1-2 of 36.306 for downlink and uplink respectively (see Annex A). Additionally, inclusion of 256QAM in Rel-12 will introduce higher UE categories. For DuCo capabilities, our basic assumption is that UEs that already support Carrier Aggregation (CA) with at least two DL and two UL carriers can also support DuCo. If two UL carriers are already supported by the UE, the UL data rate has in all likelihood been increased accordingly, since adding the second transmitter chain is a much bigger step than doubling the UL data rate. 
Rel-8 UE categories, i.e. categories1-4, were designed with single carrier operation in mind and are therefore unlikely to be used with DuCo. Categories 6 and 9 do support the applicable DL data rates to fully utilize CA in the DL for 2 and 3 carriers respectively, but the uplink data rates are not increased compared to the Rel-8 categories. Given the limitations of these categories, we do not see a need to discuss these when discussing support for DuCo.
Observation 1: UE categories 1-4, 6 and 9 do not need to be considered when discussing DuCo capabilities.
However, categories 7 and 10 can support 40MHz uplink and 40MHz and 60MHz DL transmission bandwidths, respectively and in DuCo both MeNB and SeNB can each fully utilise 20MHz downlink and uplink transmission bandwidths and therefore the most likely candidates for DuCo. 

Proposal 1: UE categories 7 and 10 are considered as baseline UE categories for DuCo. DuCo applicability for new UE categories from Rel-12 onwards supporting 256QAM will be considered separately.

2.2 UE processing capability
The inter-band CA band combinations define the supported bands in the band combination and the MIMO capability for each band. For categories 7 and 10 that support maximum two layers transmissions in the DL with two(category 7) or three(category 10) carriers, the specified maximum number of transport block bits per TTI enables the UE to support the maximum number of transport block bits per carrier on all carriers at the same time. This means that in this case there is no need for a resource split between MeNB and the SeNB since each of them can operate at full data rate without the UE processing capability being exceeded. 
When the UE supports more than 2 layers in DL in any of the bands or the number of carriers is increased beyond the number of carriers the UE category was designed for, there is a possibility that the combined data rate from MeNB and SeNB is larger than the UE processing capability. Also, in UL MIMO could lead to the maximum data rate being exceeded. 
First of all, exceeding the maximum data rate will require favourable channel conditions and as indicated in [1], there are ways for the individual eNBs to detect and reduce the impact of exceeding the UE’s total processing capacity. 

As also indicated in [1], the soft buffer handling can be done as in carrier aggregation. 

Therefore, no we do not see that any changes to the UE behaviour compared to CA operation are needed and ensuring that over-allocating does not occur too frequently between MeNB and SeNB scheduling can be left up to E-UTRAN. The UE behaviour in case the maximum number of bits is exceeded can be left unspecified.
Proposal 2: Preventing exceeding the UE processing capability is left up to the network 
Proposal 3: Soft buffer handling is done as in carrier aggregation.
2.3 DuCo capabilities
As mentioned already, it is assumed that a DuCo capable UE already supports CA with 2 UL. For the inter-band CA combinations, it is straight forward to support DuCo in those band combinations as long as the MCG and SCG are in different bands. No separate indication of band combinations is then needed for DUCO. Some inter-band CA band combinations with more than 2 carriers may have two of the carriers in the same band and in order to avoid the same problems as listed below for DuCo in intra-band band combinations, the carriers in the same band shall belong to the same cell group. 
Proposal 4: A UE indicating DuCo support supports DuCo in all inter-band CA band combinations.
However, for intra-band contiguous and non-contiguous CA band combinations, there is significant additional uplink TX complexity associated with DuCo since for intra-band CA, the carriers are synchronized and have a maximum difference in TX power levels. With these assumptions, intra-band contiguous DuCo operation would be only feasible in collocated MeNB and SeNB deployments, not really justifying DuCo operation as CA would be more efficient. The non-contiguous intra-band scenario is maybe more feasible for non-collocated MeNB and SeNB deployment scenarios, i.e. different TX timing and TX power levels could be supported with more feasible UE TX implementation.  However, we believe that both intra-band (contiguous/non-contiguous) DuCo scenarios are less attractive in real deployments and hence should be down-prioritized in Rel-12. [2] 
Proposal 5: Intra-band DuCo capabilities are indicated separately from carrier aggregation intra-band band combinations.

Proposal 6: Intra-band (contiguous/non-contiguous) DuCo operation can be down-prioritized in Rel-12.
3
Conclusion
In this contribution we discussed which existing UE capabilities are suitable for DuCo operation, how to avoid exceeding the UE processing capability and the relationship between carrier aggregation support and DuCo support.  Based on discussion we propose that:
Proposal 1: UE categories 7 and 10 are considered as the baseline UE categories for DuCo. DuCo applicability for new UE categories from Rel-12 onwards supporting 256QAM will be considered separately.

Proposal 2: Preventing exceeding the UE processing capability is left up to the network.

Proposal 3: Soft buffer handling is done as in carrier aggregation.

Proposal 4: A UE indicating DuCo support supports DuCo in all inter-band CA band combinations.
Proposal 5: Intra-band DuCo capabilities are indicated separately from carrier aggregation intra-band band combinations.

Proposal 6: Intra-band (contiguous/non-contiguous) DuCo operation can be down prioritized in Rel-12.
Annex A: Existing UE categories defined in 36.306

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

	Category 9
	452256
	149776 (4 layers)

75376 (2 layers)
	5481216
	2 or 4

	Category 10
	452256
	149776 (4 layers)

75376 (2 layers)
	5481216
	2 or 4

	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

	Category 9
	51024
	51024
	No

	Category 10
	102048
	51024
	No
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