Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 #86
Tdoc R2-142424
Seoul, South Korea, 19th – 23rd May 2014

Agenda Item:
7.1.4
Source:
Ericsson
Title:
Open issues for MAC in dual connectivity
Document for:
Discussion, Decision
1 Introduction
In this contribution, some remaining open issues related to MAC are discussed. As starting point, two different MAC entities are assumed as agreed in RAN2#84 meeting.
=>
UE side MAC entity is configured per Cell Group, i.e. one MAC for MCG and the other MAC for SCG. 
2 Discussion
In this section we discuss in some general principles how MAC is modelled in dual connectivity. Then we study open issues related to different procedures the MAC is providing and how these are realized with two MAC entities.
2.1 Modelling of MAC
In Figure 2, two MAC entities are illustrated. Bearers are either mapped to the MeNB or the SeNB or both. As is shown in the figure, a split bearer goes through the two MAC entities, the MeNB and the SeNB. RAN2 has agreed in the RAN2#85 meeting that different pools of logical channels IDs are used:
The logicalChannelIdentity are allocated independently by MeNB and SeNB and do not share a common pool among the two MAC entities.
This reuse enables the use of the same LCID for different RBs in different eNBs. For the same RB (if split), the same or different LCIDs can be used in the different MAC entities.   
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Figure 2: Illustration of two MAC entities for Dual Connectivity.
To make this model work, a semi-static mapping should be introduced between MAC entities and the radio bearers (and logical channels). The semi-static mapping should be controlled with RRC signalling.

Proposal 1 The mapping between radio bearers (and logical channels) and MAC entities is configured by the network with RRC signalling.
Proposal 2 A split bearer is mapped to two different MAC entities.
2.2 Handling of MAC functions

In this subsection open issues related to different MAC functions are discussed considering separate MAC entities for the MeNB and SeNB.
2.2.1 Multiplexing and Logical channel prioritization (LCP)
The purpose multiplexing/demultiplexing function is to:

1. multiplex MAC SDUs from one or more logical channels into transport blocks to be delivered to the physical layer on transport channels, and

2. demultiplex MAC SDUs from one or different logical channels from TBs delivered from the physical layer on transport channels.
In Rel-10 CA, there is no rule for how the UE maps data of logical channels to the grants of different cells, as long as logical channel prioritization rules are followed. In dual connectivity, this is not possible as it would result in that data designated to the MeNB would be sent to the SeNB and vice versa. Instead, it should be made sure that MAC SDUs corresponding to one MAC entity are served with the physical layer grants associated with the correct eNB, i.e. the transport channels of the corresponding cells are used so as to guarantee that data belonging to a bearer mapped to MeNB does not end up being sent to the SeNB and vice versa. 

Proposal 3 In dual connectivity, a fixed mapping between transport channels of different cell groups and corresponding MAC entities is used.
Logical Channel Prioritization (LCP) is the subtask of the multiplexing and demultiplexing functionality. The purpose of this subtask is to decide which logical channels’ MAC SDUs (and MAC CEs) are selected to be transmitted when given an UL grant.
Logical channel prioritization of split bearers has been discussed in email discussion [85#22]. In email discussion [85#22], common and separate buckets for LCP have been discussed. If there is no UL bearer split and a common bucket is used, there is a risk of RLC Status reports getting stuck in the buffer as other traffic is prioritized. On the other hand, with separate buckets this problem does not exist and it can be guaranteed that the RLC Status reports get enough resources.
As UL bearer split (of PDCP data) is not introduced, then separate bucket solution is suitable. By this way, sufficient capacity for RLC Status reports can be guaranteed. On the other hand there is no risk that the bearer uses too much resources over the two eNBs due to separate buckets as the data rate of RLC Status reports is very low. In addition, separate buckets fit well in to the structure with separate MAC entities.
Proposal 4 Separate buckets are used in LCP. The parameters PBR and BSD are configured independently for each MAC entity. 
2.2.2 Buffer Status Reporting

In this subsection we discuss the BSR procedure from the MAC modelling point of view (general for all bearer types). Open issues specific for split bearers are discussed more in [3]. 

With two MAC entities, BSR procedures should be independent in each MAC entity. So each MAC entity knows only bearers that are relevant for itself based on a fixed configuration. When new data arrives to the PDCP or RLC buffer of the bearer mapped to one of the MAC entities, a BSR in that MAC entity is triggered. Scheduling Request is also triggered in the same MAC entity and sent over the physical radio resources of the corresponding eNB. When the UE receives a scheduling grant from the corresponding eNB, it can cancel the BSR and SR according to the current rules.  

Proposal 5 BSR and SR procedures (triggering, transmission and cancellation) are handled independently in each MAC entity.
Proposal 6 Each MAC entity considers PDCP and RLC buffers only of the relevant bearers. 

2.2.3 DRX

RAN2 has agreed independent DRX operations for each eNB. With separate MAC entities, DRX is straightforward to model as there are no interactions between the MAC entities. It should be noted that DRX has interaction with SR procedure. This can be easily handled with separate MAC entities, where SR of one MAC entity impacts DRX state of the same entity.
Proposal 7 With two MAC entities, there is no impact on DRX as procedures are independent per entity
2.2.4 Random access

RAN2 has agreed that Msg2 is received from the eNB to which the preamble was sent. Some details like how to handle parallel RA preambles in power limited scenarios are still open, but it can be assumed that random access procedures in the MeNB and the SeNB are rather independent.

Currently RA is triggered when UL data arrives but the UE has no D-SR resources available. This can happen in many cases: the number of transmitted scheduling requests exceeds the SR_COUNTER or the UE is not time aligned and thus do not have valid PUCCH resources. In current CA, the UE would in these cases perform a RA towards the UE’s PCell. As in dual connectivity, only PSCell support contention based RACH, also similar approach can be applied where MAC triggers RACH only towards PSCell. RACH towards other SCells can be triggered by PDCCH order similar to CA.
In the Dual Connectivity case, it needs to be decided towards which eNB the UE should perform random access in the above cases. When RA is triggered by the MAC layer itself (due to triggered SR), it is natural that the RACH is sent to the corresponding eNB for which MAC entity is configured. So for example, if MAC of MeNB triggers SR and RACH, then also preamble is sent to the MeNB.
Proposal 8 RA triggered by one MAC entity should be performed towards the eNB for which the MAC entity belong
Proposal 9 If the MAC itself triggers RACH, it is performed in the PSCell

2.3 PCell terminology in MAC

RAN2 has agreed to use the term PSCell for the special cell of the SeNB.

On the other hand, almost all procedures in MAC that are specified for the PCell of MeNB are similar for the PSCell. Thus, from the MAC specification point of view, it would be useful to have one PCell-like serving cell for each UE per eNB and reuse the existing name PCell in MAC. A similar rule can be also applied for pTAG as RAN2 agreed to apply same handling for pTAG and the TAG of the PSCell  
Proposal 10 Use the term PCell for both PCell of MCG and PSCell of SCG in MAC.
Proposal 11 User the term pTAG for both pTAG of MCG and TAG related to PSCell in MAC 

2.4 Support of SPS in dual connectivity
Currently in Rel-10 CA, Semi-persistent scheduling is only supported on the PCell. This is because PUCCH is only in the PCell and SPS needs static PUCCH resources. Introducing SPS for SCells would introduce some complexity in RAN1’s design of PUCCH.
In dual connectivity, there is separate PUCCH in the SeNB. Thus the limitations of CA are not relevant. Instead, it can be assumed that SPS could be useful with dual connectivity both in MeNB and SeNB. E.g. when Control plane/User plane split is used to increase mobility robustness and reduce CN signalling, SPS could be used for the voice in the SeNB as this would be the only eNB supporting data transmission.
Looking at the MAC specification, there are many SPS related references to PCell. If we assume that terminology PCell is used for the PSCell in MAC, then including SPS would be very simple as there would not be actually any changes as compared to the current specification.
Observation 1 Excluding SPS on the PSCell would require changes to MAC, while not changing MAC would result in supporting SPS on PSCell.
From an RRC point of view, supporting independent SPS configurations come for free as it is anyway assumed that all lower layer variables are independent per MeNB and SeNB.
Observation 2 Excluding SPS on the PSCell would require additional restrictions to be added to in RRC, while without such additional restrictions SPS on PSCell would be supported.

Based on the above we propose:

Proposal 12 Support independent SPS in the MCG and SCG 
3 Conclusion
In this contribution, we have evaluated the modeling aspects of MAC. As conclusion, we believe that most of the issues can be modelled independently for the MAC entities in the MeNB and SeNB. Because of this, impacts on actual MAC specification are limited, mainly on Clause 4. The impact can be considered comparable to current PDCP/RLC protocols where also multiple entities are defined.
Observation 3 When MAC procedures for MeNB and SeNB are independent, two MAC entities ensure that impacts on the specification remain limited  

In addition, we have made the following proposals:
Proposal 1
The mapping between radio bearers (and logical channels) and MAC entities is configured by the network with RRC signalling.
Proposal 2
A split bearer is mapped to two different MAC entities.
Proposal 3
In dual connectivity, a fixed mapping between transport channels of different cell groups and corresponding MAC entities is used.
Proposal 4
Separate buckets are used in LCP. The parameters PBR and BSD are configured independently for each MAC entity.
Proposal 5
BSR and SR procedures (triggering, transmission and cancellation) are handled independently in each MAC entity.
Proposal 6
Each MAC entity considers PDCP and RLC buffers only of the relevant bearers.
Proposal 7
With two MAC entities, there is no impact on DRX as procedures are independent per entity
Proposal 8
RA triggered by one MAC entity should be performed towards the eNB for which the MAC entity belong
Proposal 9
If the MAC itself triggers RACH, it is performed in the PSCell
Proposal 10
Use the term PCell for both PCell of MCG and PSCell of SCG in MAC.
Proposal 11
User the term pTAG for both pTAG of MCG and TAG related to PSCell in MAC
Proposal 12
Support independent SPS in the MCG and SCG


4 References

[1] TR 36.842, “Study on Small Cell Enhancements for E-UTRA and E-UTRAN – Higher layer aspects”.
[2] R2-142415, Remaining issues on UL of split bearer, Ericsson, RAN2#86, May, 2014.
Figure � SEQ Figure \* ARABIC �1�. Separate MAC entities for the MeNB and the SeNB









1/4


