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Discussion and decision
1. Introduction

In RAN2#76 meeting, an impact of MCH reception on the UE DL-SCH reception capability was discussed in [1]. The issue comes from the fact that those receptions can occur simultaneously in the same TTI in case of Carrier Aggregation. This is in contrast to the single carrier configuration in release-8/9 where the simultaneous reception of MBMS and unicast would not occur.

2. Discussion

2.1. General
The companies are asked to provide their comment about the issue raised in [1], e.g. whether they think the problem is real.

	Company name
	Comment

	Nokia and NSN
	On one hand, for regular HARQ, the processing capability is dimensioned by the HARQ feedback timing: the data must be processed on time for the HARQ feedback to be sent. Since there is no HARQ feedback to send in case of MCH, the processing requirements are more relaxed than for SCH. Thus it does not seem entirely fair to compare MCH reception to the SCH one.

On the other hand, there is no doubt that parallel reception of MCH and SCH increases the processing requirements. The question is whether to introduce some limitations in the specifications or not.

	Qualcomm Incorporated
	We think the problem is real. The total UE processing capability should be considered per TTI basis.
The fact that the eNB cannot use a serving cell for unicast does not mean that the TBS on the other serving cells will not reach above the UE requirement. For example, assume we have 3 carriers with carrier 1 being Pcell while the rest being Scell for the UE. The UE is a Cat.6 UE with 4x4 MIMO.
The maximum bits per TTI is 301504 according to 36.306 while the maximum bits for a DL-SCH is 149776 (assume UE has 4 layers). If the UE is receiving unicast on all these carriers, eNB will make sure that the total bits do not exceed 301504 and each individual TBS does not exceed 149776.
If, e.g. UE’s PCell is used for PMCH transmission while UE’s SCells can be used for unicast, it is still possible for the serving eNB to reach the maximum 301504 bits only with 2 CCs. However the eNB should make sure that unicast total bits do not exceed 301504 - PMCH TBS.
[On the comment from Nokia and NSN]
We do not think it can be globally said the processing requirements for MCH are more relaxed than for SCH. The UE processing is indeed per subframe and the UE processing capability is shared every subframe. One may argue the UE could in principle process MCH after processing SCH to lengthen the inter TB latency requirement, however we cannot assume that in the next or any future subframe the UE has any extra processing for MCH. 

	Alcatel-Lucent/Alcatel-Lucent Shanghai Bell
	In case of processing limitation, our understanding is that unicast reception takes the higher priority. MBMS reception in this scenario should be left to the UE implementation but should not impact unicast reception. Note that many other MBMS reception conditions are left to the UE implementation in the current standard.

	Samsung
	In theory there is a problem. However we are not completely sure whether it is a real problem or not.

That a UE is operating in its maximum data rate means that cell load is low. If MBMS service is provided, considerable portion of system capacity is used for MBMS which in our view reduces the probability of cell load being low.

Considering above, hitting UE maximum processing limit especially if UE is receiving MBMS service would be quite rare event.

	Intel 
	We agree with problem as being real and also being infrequent. 

	LG
	It may not be always true that unicast should always be prioritized over MBMS. That is the reason why RAN2 are discussing prioritization between unicast and MBMS.

If the processing capability of UE is shared between unicast and MBMS, some unicast data can be dropped depending on how much MBMS traffic a user receives simultaneously.

	ITRI
	We also think the problem is real. The total UE processing capability within a TTI should be shared by DL-SCH and MCH reception.

	ZTE
	If RAN2 does not agree that unicast is always prioritized over MBMS, then  we think the problem is real. 

	Ericsson,
ST-Ericsson
	We think that processing limitations may occur, but expect these cases to be rare. Therefore, we think that we do not need to add any restrictions in the specification. 

	MediaTek
	We think processing limitation is real and the example provided by Qualcomm is a valid scenario, since eNB does not know the MBMS reception of a UE, it is possible to schedule the UE to its maximum. The frequency of hitting UE maximum processing capability depends on the number of MBSFN subframe and radio condition.

	Huawei, HiSilicon
	We think that the problem is real but infrequent,


2.2. Serving eNB awareness

It seemed generally understood in the last meeting that the serving eNB does not have perfect knowledge about potential MBMS reception of the UE. The eNB could use its knowledge on MCH scheduling even though it does not know if a given UE would be interested in receiving the corresponding MBMS service. Furthermore, it was questioned during the discussion if the eNB need to take into account only a single MCH reception that may affect the UE processing capability for unicast reception. This point was not resolved in the last meeting.
In general the current specification allows great deal of UE flexibility for multiple MCH reception in release-10. The following is a collection of related descriptions.

------

TS36.331: MBMS general description

	5.8.1.1
General

In general the control information relevant only for UEs supporting MBMS is separated as much as possible from unicast control information. Most of the MBMS control information is provided on a logical channel specific for MBMS common control information: the MCCH. E-UTRA employs one MCCH logical channel per MBSFN area. In case the network configures multiple MBSFN areas, the UE acquires the MBMS control information from the MCCHs that are configured to identify if services it is interested to receive are ongoing. The action applicable when the UE is unable to simultaneously receive MBMS and unicast services is up to UE implementation. In this release of the specification, an MBMS capable UE is only required to support reception of a single MBMS service at a time, and reception of more than one MBMS service (also possibly on more than one MBSFN area) in parallel is left for UE implementation. The MCCH carries the MBSFNAreaConfiguration message, which indicates the MBMS sessions that are ongoing as well as the (corresponding) radio resource configuration. The MCCH may also carry the MBMSCountingRequest message, when E-UTRAN wishes to count the number of UEs in RRC_CONNECTED that are receiving or interested to receive one or more specific MBMS services.

A limited amount of MBMS control information is provided on the BCCH. This primarily concerns the information needed to acquire the MCCH(s). This information is carried by means of a single MBMS specific SystemInformationBlock: SystemInformationBlockType13. An MBSFN area is identified solely by the mbsfn-AreaId in SystemInformationBlockType13. At mobility, the UE considers that the MBSFN area is continuous when the source cell and the target cell broadcast the same value in the mbsfn-AreaId.


TS36.302: DL reception channel combinations
	Table 8.2-2: Downlink "Reception Type" Combinations

Combination

Mandatory/Optional

Comment

1xA + 1xB + 1xC

Mandatory

RRC_IDLE

1xK + 1xL

Mandatory for MBMS UEs

RRC_IDLE

1xA + 1xB + 1x(D or E or G or I) + (p-1)xD1 + 1x(F or H or J) + (q-1)xF1

Mandatory

RRC_CONNECTED

1xA + 1xB + 1x(D or E or G or I) + 1x(F or H or J) + 1xF+ (p-1)xD1 + 2x(q-1)xF1

Mandatory for UEs supporting FS2

RRC_CONNECTED

(NOTE 1)

((1x(E or G or I) + 1xL) or 1xD) + 1x(F or H or J) + 1xK + (p-1)xD1 + (q-1)xF1

Mandatory for MBMS UEs
RRC_CONNECTED
(NOTE 2)

((1x(E or G or I) +1xL) or 1xD) + 1x(F or H or J) + 1xF + 1xK + (p-1)xD1 + 2x(q-1)xF1

Mandatory for MBMS UEs supporting FS2
RRC_CONNECTED

(NOTE 1)
(NOTE 2)

1xA + 1xB + 1xC + 1x(D or E or G or I)+(p-1)xD1 + 1x(F or H or J)+(q-1)xF1

Mandatory for ETWS and CMAS UEs

Optional for all other UEs

RRC_CONNECTED
1xA + 1xB + 1xC + 1x(D or E or G or I) + 1x(F or H or J) + 1xF + (p-1)xD1 + 2x(q-1)xF1

Mandatory for ETWS and CMAS UEs supporting FS2

Optional for all other UEs

RRC_CONNECTED

(NOTE 1)

NOTE 1:
For TDD UL/DL configuration 0, two PDCCHs can be received in the same subframe for UL-SCH in two 
different uplink subframes.
NOTE 2:
The combination is the requirement when MBMS reception is on PCell. If the UE is capable to receive MBMS on any other cell, it is not required to simultaneously receive MBMS on PCell.
NOTE:

p is the number of DL CCs supported by the UE. q is the number of UL CCs supported by the UE. q = p = 1 implies non-CA capable UE.
NOTE:

The UE is only required to receive one PDSCH, pertaining to D or D1, per DL CC.



RAN2#75 decision on counting response

RAN2 took the following decision on MBMS counting response based on the assumption that the UE is allowed to receive MBSM in any carrier that the UE may support MBMS reception on.
	R2-114288:
Summary of email discussion (74#31): LTE: Rel-10 MBMS UE may respond to counting from which cells?
Orange SA
Report
report of email discussion [74#31]
REL-10 MBMS_LTE_enh-Core

[…]

Agreements: 

1) No limitation of only responding to serving cells
2) No special mechanisms for supporting parallel counting 




------
However, it is not immediately clear if the UE is also allowed to use its DL processing capability defined for its UE category for those MBMS receptions that are left up to UE implementation. If not, it means that the DL processing requirement in TS36.306 would only pertain to the minimum MCH reception requirement, which could be inferred from the highlighted text above (36.331, 36.302), and additional MCH receptions can only be done with UE processing capability that the UE may have in addition to what is mandated with the UE category.

Companies are asked to provide their view.

	Company name
	Comment

	Nokia & NSN
	With MBMS belonging to the optional features without UE radio access capability parameters [36.306] and without any MBMS interest indication, any limitation would have to be applied to all UEs, whether they are MBMS capable or not and whether they are interested in ongoing services or not. This seems like a very strong restriction to unicast services in networks deploying CA and MBMS.

Our preference would therefore be to leave the dimensioning of MCH processing in parallel to SCH up to UE implementation but to require the UE to prioritise unicast reception as soon as the processing limit is hit. Sustained maximum bit rate on both MCH and SCH in parallel should hopefully not be a typical scenario.

	Qualcomm Incorporated
	The eNB should be required to take into account only a single MCH reception within configured CCs. We think the DL processing requirement only covers the minimum MCH reception requirement, i.e. a single MBMS reception at a time. The eNB should take a conservative DL scheduling in a TTI where MCH of potential UE interest is transmitted.

The eNB should not be required to consider MCH transmission on non-serving cells.

Prioritization of unicast over MBMS requires careful design in UE downlink processing. Especially we think it is quite difficult to implement the UE determination of “processing limit hit” under various dimensions related to processing requirement (per subframe, inter TB latency). 

	Alcatel-Lucent/Alcatel-Lucent Shanghai Bell
	We agree with points raised by Nokia & NSN above. Without the network knowing the UE’s MBMS reception status, a such a restriction is required to be applied for all UEs. This is very restrictive and may have impacts on the performance for all UEs unnecessarily.

	Samsung
	Given that ENB already has some awareness (not perfect and not always present though) and that the problem is expected to be happen very rarely, any additional mechanism to provide more awareness seems not motivated. 

The only thing needed may be to clarify that UE should prioritize unicast data reception over multicast data reception.

	Qualcomm Incorporated
	Given the release-11 discussion on prioritization between unicast and MBMS (e.g. based on user preference), it seems strange to always assume unicast should be prioritized.

We agree with Samsung that the processing capability hit is not a frequent event.

All in all, it seems that even though there actually is the processing capability hit problem, it is not expected to be so critical from the system performance perspective. We therefore suggest the following.

1) Agree on the CR according to R2-115923 (RAN2#76); and

2) Add a NOTE stating that total eNB scheduling at a given TTI may be larger than defined UE DL processing capability, and t prioritization between unicast and MBMS in case of processing performance hit is up to UE implementation

The above means that the UE processing capability hit can cause some form of TB dropping. However this does not mandate the eNB to implement “conservative” scheduling, but the eNB can choose to do so to avoid possible TB dropping.

	Intel
	We also agree with other companies that given eNB’s limited awareness of MBMS reception imposing restriction on scheduling may be unnecessary. While there are possible simple solutions to alleviate the problem by making eNB aware of limitation being reached,  given infrequent nature of these event we do not see such solutions to be necessary. It may be sufficient to priorities unicast over MBMS and leave the rest to implementation. 

	Qualcomm Incorporated
	We still do not understand what motivates always prioritizing unicast over MBMS. We are also no ready to accept making any prioritization behaviour mandatory in release-10.

It seems that no one disputes the fact that it is up to UE implementation how it determines the occurrence of its “processing capability hit”. This would mean that UE behaviour is not testable anyway.

	LG
	The priority should be decided by user. And, depending on the contents, user can prioritize either unicast or MBMS.
Dropping of some packet of user-plane data can be acceptable. Either TCP protocol or RLC AM will eventually recover data loss. And TCP congestion control will reduce data rate, resulting in less processing demand.

BTW, we need to keep in mind is that RRC signaling over SCH should not be impacted. Delaying signalling message transfer should be avoided as much as possible.

	ITRI
	We agree with QC that given the discussion for Rel-11, it is very strange to mandate MBMS users to always prioritize unicast over MBMS. So we prefer to leave the prioritization between unicast and MBMS to UE implementation when the processing limit is hit.

	ZTE
	At least in Rel-11, the user can prioritize any kind of service between unicast and MBMS. We think the impact on the maximum bit rate is not frequent, when happened, the user can decide to prioritize which kind of service, eg., drop some packet of unicast or MBMS.

	Ericsson,
ST-Ericsson
	Since the eNB lacks sufficient knowledge on the MBMS reception status of a UE, we think that downlink scheduling should in principle be independent from MBMS reception. A restriction as suggested above would also apply for UEs that are not capable of, or not interested in MBMS reception and would thus limit the maximum data rates that could be achieved by UEs. Such a restriction would also require the coordination of broadcast and unicast services on TTI granularity, and keeping eMBMS reception status maintained in the eNB. 
Regarding the discussion about unicast/MBMS prioritization, it should be up to UE implementation how to handle situations where UE processing limits are exceeded; if the processing limits are reached, a dropped unicast TB could e.g. be recovered by a HARQ retransmission. As stated above, we think that this case can be considered rare. 

For Rel-11, the eNB may take into account the UE’s MBMSInterestIndication in order to adjust the unicast scheduling.

	MediaTek
	Without knowing the MBMS reception, it is difficult for scheduler to prevent the problem. We think the suggested restriction is not an intelligent solution since it affects all UEs. The simplest solution is for UE to prioritize either MCH or SCH reception. Since the priority of MBMS and uni-cast depends on user interest and the type of the service, we think we could leave the problem to UE implementation.
We agree with Ericsson, for Rel-11, MBMSInterestIndication may be takend into account for unicast scheduling.

	Huawei, HiSilicon
	We think that downlink scheduling should remain independent from MBMS reception. We expect the conflicts for UEs which are CA and MBMS capable to be infrequent.

Regarding unicast/MBMS prioritization, it should be up to UE implementation. It is not a big issue to drop even unicast TB in this rare case since we have a lot of means to recover it if needed.


3. Conclusion

There was no disagreement seen for the existence of the issue raised in [1]. The common understanding seems that the UE processing capability defined for DL-SCH today is shared for processing of DL-SCH and MCH in Carrier Aggregation operation and eNB total scheduling at a TTI for DL-SCH and MCH combined can be larger than the defined UE capability because the eNB is unaware of UE reception of an MBMS service. It also seems agreeable for the companies that it is up to UE implementation in what situation the UE considers itself encountering the processing capability limitation. It was also commented by several companies that occurrence of the problem situation is rare.

Email discussion rapporteur therefore proposes to confirm;

· UE processing capability defined for DL-SCH today is shared for processing of DL-SCH and MCH in Carrier Aggregation operation.

· UE may encounter processing capability limitations due to the fact that the eNB is unaware of UE reception of an MBMS service.

· No eNB scheduling restriction will be defined in the specifications.

· No UE behaviour will be defined as to how it detects occurrence of processing capability limitations.

· Occurrence of the problem situation is expected to be rare.

On the prioritization between unicast and MCH in case of processing capability limitation, no consensus was reached, i.e. 5 companies proposed prioritizing unicast and 8 companies proposed leaving it up to UE implementation. Email discussion rapporteur would suggest RAN2 continue the discussion on this point in RAN2#77.

Potential enhancements in release-11 were also mentioned during the email discussion. This email discussion summary does not attempt to provide any conclusion or additional observation on this point. It is not the intention of this email discussion summary to preclude any further enhancements in release-11.
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Annex: UE processing requirements in TS36.306 (release-10)
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
	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


Table 4.1-4: Maximum number of bits of a MCH transport block received within a TTI set by the fieldue-Category for an MBMS capable UE 
	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

	Category 6
	(75376 TBD)

	Category 7
	(75376 TBD)

	Category 8
	(75376 TBD)
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