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1. Introduction
The RAN2 agreements regarding carrier aggregation designs are summarized in [1]. The agreements on layer 2 and layer 3 are shown below:
	Layer 2 architecture

1) Protocol architecture as shown in figures 1 and 2 of the annex below.

2) One transport channel per component carrier.

3) One dedicated and independent HARQ entity per component carrier.

4) Each transport block is mapped to only one component carrier where all possible HARQ retransmissions also take place.
5) No static mapping between HARQ entities and logical channels.

6) HARQ should be kept Rel-8 compliant unless modifications provide significant gains.
7) RLC protocol of LTE Rel-8 fulfils the requirements posed by carrier aggregation (FFS for RLC SN size).

Layer 2 misc.
8) The UE supports at most one random access procedure at a give time.

9) The same timing advance can be used on different component carriers.
Layer 3 / Control plane aspects

10) Overall control plane architecture is not affected by carrier aggregation.

11) After RRC connection establishment, the configuration and/or activation of additional component carriers is performed by dedicated signaling.
Idle mode mobility

12) Network deployment where only a subset of component carriers are used for idle mode camping should be supported.

13) REL8 idle mode mobility can be considered as baseline in a network employing carrier aggregation.


u
In this contribution, we will discuss some remain MAC layer issues of CA.
2. Discussion
2.1. Random Access Procedure
It is decided that only a subset of component carriers are used for idle mode camping. It’s reasonable for UE in idle mode camps on only one component carrier. After RRC connection establishment, UE gets the system information including RACH configuration in non-camping component carrier by some way, such as RRC signaling similar to that in handover. And in connected mode, LTE-A UE can receive and transmit data in several component carriers simultaneously. To balance the RACH overload, there may be a subset of component carriers used for initialize RA procedure for connected UE. In contention based RA procedure, UE selects one uplink component carrier in the available component carriers to transmit Msg1. ENB responses Msg2 in the corresponding downlink component carrier. In non-contention based RA procedure, eNB can assign to UE the uplink component carrier used for Msg1 in explicit or implicit way.

Proposal 1: There are more than one component carriers used for initialize RA procedure for UE in connected mode.
2.2. Scheduling Request
SR is used for requesting UL-SCH resources for new transmission. In LTE, D-SR is sent on PUCCH and doesn’t include any other information. The aim of CA is to improve the data rate and system throughput. The users in a certain district will not increase in the proportion of the bandwidth. So there are more resources can be used as PUCCH. And RAN1 has discussed multiple PUCCH for HARQ feed back already. Considering the strict latency requirements in LTE-A, we suggest D-SR including more information such as LCG ID or some buffer information for LTE-A UE. 
Example 1: If D-SR includes 2 bits for the LCG ID with the highest priority logical channel with data available for transmission, eNB can schedule different UEs based on logical channel priority when assigns the first UL grant.
Example 2: If D-SR includes 6 bits for the BSR of the LCG with the highest priority logical channel with data available for transmission, eNB can allocate the UL resources for the UE more accurately. If only one LCG has data available for transmission for the UE, eNB even can allocate the UL resources for all data in the buffer directly.
Proposal 2: D-SR in PUCCH can include more information for LTE-A UE such as LCG ID or some buffer information.
2.3. BSR
There are two understandings in BSR while applying the R8 mechanism in LTE-A.
Alt. 1: multiple BSR

There is at most one MAC BSR in a MAC PDU. So it is possible that LTE-A UE sends multiple BSRs in a subframe, and there is at most one BSR in a component carrier. For example, UE may send regular or periodic BSR in a component carrier and send padding BSR in another. Another example is that UE may send different padding BSRs in different component carriers. When multiple padding BSRs are triggered in multiple component carriers, it is possible that UE sends truncated BSR in some component carriers and long BSR in other component carriers. It may introduce some confusion to eNB. In addition, if UE sends multiple BSRs, it is difficult to introduce another padding MAC CE, such as padding PHR, which is useful to enhance the LTE-A performance.

Alt.2: Single BSR

In 36.321, it is stated that “A MAC PDU shall contain at most one MAC BSR control element, even when multiple events trigger a BSR”. As we known, there is at most one MAC PDU in uplink transmission in LTE. So the intent can be understood as that BSR is per UE, and more than one BSR is useless in one subframe.
Comparison:
	
	Implementation complexity
	Possibility of introduce another padding MAC CE
	Reliability of BSR

	Alt.1
	High
	Low
	May be high, rely on the eNB’s implementation

	Alt.2
	Low
	High
	Same as that in LTE


Proposal 3: There is at most one BSR in a subframe.

2.4. PHR

The PHR can be designed in two ways: single PHR and multiple BSR.
Alt.1: Aggregate PHR
In contiguous component carriers, it can be assumed that the path losses of different component carriers are same. So eNB can implement power control based on single PHR for all component carriers. The PH is the difference between the UE maximum transmit power and the sum of estimated power for UL-SCH transmission in every component carrier.
In non-contiguous component carriers, the pass losses of different component carriers are different. A possible way is UE sends a PHR for each power amplifier. The PH is the difference between the UE maximum transmit power (of a PA) and the sum of estimated power for UL-SCH transmission in every component carrier included in the PA. However, it is unsure if eNB can be aware of the number of PAs in a UE..
Alt.2: per CC PHR
To control the uplink power of each component carrier more accurately, it’s better for UE to report PHR of each component carrier. The PH is the difference between the UE maximum transmit power and the estimated power for UL-SCH transmission in one component carrier. The PHR in every component carrier is maintained separately.
Proposal 4: The PHR is performed per component carrier.
2.5. DRX

This issue is discussed in [2]. We propose that the onDuration Timer is configured only on one CC for one UE and the transmission bandwidth is configurable.

3. Conclusion
In this contribution, we discuss the impact of CA to MAC layer, and below proposals are suggested:
Proposal 1: There may be a subset of component carriers used for initialize RA procedure for UE in connected mode.
Proposal 2: D-SR in PUCCH can include more information for LTE-A UE such as LCG ID or some buffer information.
Proposal 3: There is at most one BSR in a subframe.

Proposal 4: The PHR is performed per component carrier.
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