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1   Introduction
In the last RAN2 meeting, it was agreed to continue with UP architecture 1A and 3C in the SCE study item.
1
In the SI, we progress UP architectures that support operation with and without bearer split. 

2
We will continue with 1A and 3C. (Security impacts to be verified with SA3 for solution 1A)

There are only eNB specific bearers for UP architecture 1A. Split bearers are only available for 3C. Regarding BSR (buffer status report) for eNB specific bearers, it was agreed in the user plane session that:
1.  For eNB-specific bearer, UE sends BSR information related to specific bearer towards the eNB for which corresponding bearer belongs to.

This contribution discusses BSR functionalities, and tries to achieve common procedures applying to scenarios without/with bearer split.
2   Discussion
In general, BSR functions can be managed per eNB for both UP architectures. In the following, the main elements of BSR functions are discussed.
BSR functions and MAC entity modelling
The modelling of MAC entities is analyzed in [2], e.g. handling of logical channel Ids and priorities of a split bearer for MeNB and SeNB. This paper assumes that logical channel Ids and priorities can be handled properly in either MAC modelling method. Hence, the discussion of BSR functionalities in this paper can be applied to both MAC modelling methods (one vs. separate MAC towards MeNB and SeNB).
LCG configuration
For a split bearer in UP architecture 3C in UE side, one PDCP entity is associated with two RLC entities corresponding to MeNB and SeNB respectively. There are two logical channels and each is corresponding to an eNB. From the UE capability perspective, it is analyzed that the maximum RLC entities the UE can support needs not change in MSA [1]. Therefore legacy configuration of 4 LCGs per UE can be inherited. 
A LCG may contain non-split bearers and/or split bearers. A non-split bearer is intended for a specific eNB, a split bearer may be intended for both eNBs. This can be achieved by configuring the mapping of a LCG with MCG (Master Cell Group) or SCG (Secondary Cell Group). 
According to the agreement on BSR, it is desirable that non-split bearers intended for different eNBs are not configured in the same LCG. If a split bearer is intended for both eNBs, its associated logical channels needs to be included in more than one LCGs. The Logical channel corresponding to MeNB is configured in a LCG mapping to MCG. The logical channel corresponding to SeNB is configured in a LCG mapping to SCG. Figure 1 depicts an example of such configuration. Dashed rectangle for MAC is intentionally used to decouple the issue of different MAC modelling methods.
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Figure1: LCG configuration

Observation 1: 4 LCGs per UE is sufficient. 
Observation 2: A LCG is mapped to MCG or SCG.
Observation 3: A LCG only contains logical channels specific to the concerned eNB. For a split bearer, one logical channel is configured in a LCG mapping to MCG; and another one is configured in a LCG mapping to SCG.
BS value calculation

For the calculation of BS (buffer status) value for a split bearer, data available in PDCP may need to be split. The proportion between MeNB and SeNB can be configured to the UE with a value ranging from 0% to 100%. Additional rules may be defined to guide the UE when to apply data split. For example, the UE may only apply data split when a predefined BS threshold is exceeded; otherwise, the UE may consider all data intended for one of the eNBs. Data available in RLC entity is calculated for the corresponding eNB. Figure 2 shows an example of such handling. It may also be possible that the proportion is not configured by the eNB, and UE itself dynamically decide the proportion when reporting BSR to MeNB and SeNB. However, this may be sub-optimal for load balancing and link adaptation, as the UE behaviour is out of eNB’s control.
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Figure 2: BS value calculation for PDCP

Observation 4: Some information may be needed for calculation of BS value for a split bearer, e.g., a proportion to split BS value in PDCP entity, rules to guide UE when to apply BS split, etc.
BSR format
Rel-10/11 BSR formats can be reused. There is no need to introduce new BSR formats. 
Observation 5: Rel-10/11 BSR formats can be reused.
Regular BSR/periodic BSR
For a split bearer, when (a portion of) its buffer status needs to be conveyed to an eNB, regular BSR should be triggered for this eNB according to regular BSR triggering conditions in current specification.

It should be noted that logical channels associated with a split bearer may not have the same priority order in MeNB and SeNB. An example is shown in Figure 3, logical channels of priority 1 and 2 are carried in MeNB, and a logical channel of priority 2 is carried in SeNB. Logical channels of priority 2 in MeNB and SeNB are associated with the same split bearer. There may be different options in triggering regular BSR for a split bearer.
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Figure 3: BSR triggering
Option 1: Legacy regular BSR triggering rules are applied per eNB

Regular BSR is triggered independently according to logical channel priority order in the concerned eNB. 
For example, when UL data becomes available for logical channels of priority 2 and BS value is split:

-  regular BSR is triggered for SeNB; (no buffered data in other logical channels of higher priority)
-  if logical channel of priority 1 has data in buffer

-  regular BSR is not triggered for MeNB;

-  else if logical channel of priority 1 has no data in buffer 

-  regular BSR is triggered for MeNB;

Option 2: Legacy regular BSR triggering rules are applied for all eNBs
Regular BSR is triggered for a logical channel when there is no buffered data in any other logical channels with higher priority in all LCGs, regardless of whether a LCG is mapped to MCG or SCG. For example, when UL data becomes available for logical channels of priority 2 and BS value is split: 

-  if logical channel of priority 1 has data in buffer

 -  regular BSR is not triggered for MeNB;

-  regular BSR is not triggered for SeNB;
-  else if logical channel of priority 1 has no data in buffer 

-  regular BSR is triggered for MeNB;

-  regular BSR is triggered for SeNB;
Option 2 is a bit complex for both one MAC entity modelling and dual MAC entity modelling because it needs to consider all logical channels for different eNBs. Option 1 is more flexible and simple. Basically it is a kind of independent handling of BSR triggering/reporting mechanism per eNB. This principle is also applicable for periodic BSR triggering and reporting.
Observation 6: Regular/periodic BSR is triggered/reported independently per eNB according to current specification if (a portion of) the buffer status of an LCG needs to be conveyed to the concerned eNB.
Observation 7: The UE shall transmit at most one Regular/Periodic BSR per eNB in a TTI.
BSR cancelation
BSR cancellation should be performed per eNB. Cancelation of a BSR for one eNB does not impact BSR for the other eNB.

Observation 8: BSR cancelation is handled per eNB.
Padding BSR

The same principles as that in Rel-10/11 can be reused.
SR

Regular BSR may trigger SR for the concerned eNB. SR is handled per eNB if PUCCH for dedicated SR is also configured for SeNB.

Observation 9: SR is handled per eNB. 
3   Conclusion
This contribution analyzes BSR functions for scenarios with/without bearer split. It can be observed that common principle that per eNB independent BSR handling can be applied to both scenarios. The observations are as follows:
Observation 1: 4 LCGs per UE is sufficient.
Observation 2: A LCG is mapped to MCG or SCG.

Observation 3: A LCG only contains logical channels specific to the concerned eNB. For a split bearer, one logical channel is configured in a LCG mapping to MCG; and another one is configured in a LCG mapping to SCG.
Observation 4: Some information may be needed for calculation of BS value for a split bearer, e.g. a proportion to split BS value in PDCP entity, rules to guide UE when to apply BS split, etc.
Observation 5: Rel-10/11 BSR formats can be reused.
Observation 6: Regular/periodic BSR is triggered/reported independently per eNB according to current specification if (a portion of) the buffer status of an LCG needs to be conveyed to the concerned eNB.

Observation 7: The UE shall transmit at most one Regular/Periodic BSR per eNB in a TTI.
Observation 8: BSR cancelation is handled per eNB.
Observation 9: SR is handled per eNB.
And it is proposed:

Proposal 1: Per eNB independent BSR handling for MSA applies to scenarios with/without bearer split.
4   Reference
[1] R2-133575, “UE complexity on the supported number of carriers, eNBs, and protocol entities”, Huawei, HiSilicon
[2] R2-133977, “Discussion of one vs. separate MACs towards MeNB and SeNB”, Huawei, HiSilicon















































































































































































































































































































3GPP


_1444579923.vsd

_1444726017.vsd

_1444545041.vsd

