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Discussion and decision
1 Introduction

UE category defines a combined uplink and downlink capability as specified in TS 36.306 [1]. For downlink unicast transmission, the maximum number of SCH Transport Block (TB) bits received within a TTI is defined in addition to the maximum number of bits of a SCH transport block received within a TTI; for downlink multicast transmission, minimum capability for the maximum number of bits of a MCH transport block received within a TTI is defined for an MBMS capable UE. 
The maximum number of combined SCH transport block bits includes all TBs across multiple layers as well as all TBs across multiple carriers within a TTI. For MCH, only single layer transmission is supported, hence there is only one TB on one carrier within a TTI. However, the maximum number of bits of MCH transport blocks is undefined when UE receives MCHs on more than one carrier. Moreover, unlike in Rel-8/9 where SCH and MCH are always time multiplexed; in Rel-10 and beyond, SCH and MCH can co-exist at the same subframe on different carriers. In such scenario, the maximum number of bits of combined SCH and MCH is undefined either. 
In this contribution, we discuss the resulting consequence due to the undefined maximum number of bits received within a TTI when UE receives multiple MCHs or combined SCH with MCH across carriers. A companion CR to TS 36.306 [2] is submitted to capture the conclusion of the discussion.
2 Discussion

In Rel-8/9, maximum number of received bits can be separately defined for unicast and multicast as SCH and MCH are always time multiplexed. Actually, the maximum number of bits of a MCH is the single layer unicast capability. UE category parameters are summarized in Table 1 and 2 below, extracted from TS 36.306 Rel-9. 
Table 1: Downlink physical layer parameter values set by the field ue-Category (Rel-9)
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI
	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


Table 4.1-4: Maximum number of bits of a MCH transport block received within a TTI set by the field ue-Category for an MBMS capable UE (Rel-9)
	UE Category
	Maximum number of bits of a MCH transport block received within a TTI

	Category 1
	10296

	Category 2
	51024

	Category 3
	75376

	Category 4
	75376

	Category 5
	75376


In Rel-10, with the introduction of carrier aggregation, a single SCH can span multiple carriers, hence the total number of SCH bits received within a TTI across carriers is defined as in Table 3, extracted from TS 36.306 Rel-10. It is worth to note that such combined UE capability is not a direct addition of UE capability per carrier.
Table 3: Downlink physical layer parameter values set by the field ue-Category (Rel-10)
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI
	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


With carrier aggregation, it may very well be that SCH is transmitted on SCell(s) while UE listens to MCH on PCell. Given that the UE is not required to receive SIB from SCells, the specification only supports MCH reception on PCell in release-10, i.e. rest is up to UE implementation. In order to receive both SCH and MCH simultaneously, UE is required to have the combined SCH capability with MCH capability, which may exceed the actual UE processing capability. Even though the action applicable when UE is unable to simultaneously receive MBMS and unicast services is up to UE implementation (see TS 36.331 [3], section 5.8.1.1), as a consequence a UE may be forced either to disconnect from unicast or to abort multicast reception, resulting into undesirable user experience, due to the fact that the maximum number of received bits with a TTI exceeds its capability. 
To mitigate such situation, an eNB may apply scheduling policy when it desires to minimize the impact on user experience of MBMS capable devices. For example an eNB always discounts number of bits sent on MCH on one carrier from the combined capability when it does unicast scheduling on another carrier.  As the eNB is not aware of UE’s interest in MBMS, it can take conservative approach and consider the number of bits sent on MCH on a particular carrier can be based on the largest MCS indicated in MCCH sent on that carrier during the time when unicast is scheduled when apply scheduling policy.

Therefore, it is good to clarify that the SCH capability is applicable when both SCH and MCH are transmitted in the same TTI.  This way, an eNB can further utilize the combined capability when it does unicast scheduling. 

The resulting change is a clarification for the combined UE capability with DL-SCH and MCH as well as multiple MCHs with the same TTI are the case, as elaborated in Table 4

Table 4: Downlink physical layer parameter values set by the field ue-Category
	UE Category
	Maximum number of combined DL-SCH and MCH transport block bits received within a TTI
	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


3 Conclusion & recommendation
In this contribution, we discuss the need to define the combined capability with DL-SCH and MCH as well as multiple MCHs within the same TTI. As a result we propose to apply the DL-SCH limit to DL-SCH combined with MCH as well as MCH combined with MCH.
A companion CR [2] is submitted to capture the above proposal.
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