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1. Introduction
The RAN2 agreements regarding carrier aggregation are summarized in [1]. The agreements on layer 2 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.


In this contribution, we will discuss some remaining MAC layer issues of carrier aggregation.
2. Discussion
2.1. Random Access Procedure
Random access procedure can happen for UE in both idle mode and connected mode. In idle mode, UE only learns the PRACH resource on the camped carrier and initiates the random access procedure on this carrier. In connected mode, UE worked on multi-carriers can learn the PRACH resources on multi-carriers, so there are more PRACH resources for UE to choose when initiated random access procedure. It is better for decreasing the collision and improving the success probability. If it is the contention based random access procedure, UE may choose one carrier to initial random access by some rules. For the contention- free random access procedure, eNB can choose the dedicated PRACH resource for the UE among multi-carriers by some rules and indicate it to UE, and UE uses it to initiated random access procedure. For example, in case of handover, eNB can choose the serving cell which is indicated in handover command. To keep the good compatibility with Rel-8, the relationship of uplink carrier and downlink carrier should be the cell-specific relationship.
Proposal 1: In connected mode, random access procedure can be initiated on any aggregated component carrier with PRACH configuration. 
2.2. Maintenance of Uplink Time Alignment
According to [3], RAN4’s opinions towards uplink time alignment are as follows：
· A single timing advance command across all component carriers is sufficient for the LTE-A scenario 1 in the appendix.

· However a separate timing advance command per component carrier is needed if any of the LTE-A scenarios 2-4 in the appendix are specified.
In scenario 1, the maintenance of uplink time alignment can be based on UE. Rel-8 procedure on TA can be reused, with which only one timing advance command is needed for all aggregated CCs.
For the other three scenarios, the maintenance of uplink time alignment is more complex. According to RAN4 LS, different timing alignments have to be maintained if these scenarios are supported. But it is inconsistent with RAN2 previous assumption “the same TA can be used on different component carriers”.
TA maintenance should be common for all scenarios. If the scenarios 2-4 cannot be excluded, the TA will be maintained individually on each CC.
Proposal 2: It is proposed to discuss whether timing alignment per CC needs to be supported.
2.3. Scheduling Request
SR is used for requesting uplink transmission. In LTE, D-SR is sent on PUCCH and doesn’t include any other information, and based on D-SR, eNB only can allocate the UL-SCH resource for UE BSR information or small data transmission, and then eNB can allocate the UL-SCH resource accurately based on BSR. So the uplink transmission procedure is SR-> BSR -> UL available data except the case of small data amount. Along with the CA introduction, UE will have more PUCCH resource in LTE-A than in LTE. In order to decrease the initializing uplink transmission latency, and considering the rich PUCCH resource in LTE-A, we suggest that D-SR can include more information such as LCG ID or some buffer information to make the resource allocation based on D-SR more accurate. 
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 3: D-SR can include more information for LTE-A UE.
2.4. BSR
There are two understandings on BSR when applying the Rel-8 mechanism to LTE-A.
Alt. 1: multiple BSR

Although there is at most one MAC BSR in a MAC PDU, LTE-A UE can transmit on more than one component carrier, so it is possible for LTE-A UE to send multiple BSRs in a subframe. For example, UE may send regular or periodic BSR on one component carrier and send padding BSR on another. Another example is that UE may send different padding BSRs on different component carriers. When multiple padding BSRs are triggered on multiple component carriers, it is possible that UE sends truncated BSR on some component carriers and long BSR on the other component carriers. It may introduce some confusion to eNB. 
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.
Proposal 4: There is at most one BSR in one subframe.
2.5. PHR

In Rel-8, there’s only one carrier, the PH is the difference between the allowed UE maximum transmit power PCMAX and the estimated power for UL-SCH transmission. PCMAX = MIN {PEMAX, PUMAX}, PUMAX denotes the Pmax of UE, and PEMAX is the UE’s uplink transmission power limitation on a carrier frequency.
In LTE-A, multiple carriers are introduced, it’s worth considering how to calculate the PH in multiple carriers system. 
There are 3 methods to calculate the PH, as below: 
	Method
	Calculation formula
	Note 

	UE specific
	PCMAX of UE - the total UL SCH power of all CCs
	UE’s transmission power can be shared by all CCs.

PCMAX = MIN {∑PEMAX, PUMAX}，∑PEMAX  denotes the sum of the uplink transmission power limitation on all configured CCs.

	CC specific
	PCMAX of  this carrier - the UL-SCH power of this carrier
	UE’s transmission power is CC specific and cannot be shared between CCs dynamically.
PCMAX = MIN {PEMAX, PUMAX_CC}, PUMAX_CC denotes the UE maximum transmit power on this CC.
Note: UE maximum transmit power should be divided to different CCs by some rules.

	Mixed
	PCMAX of UE -  the UL-SCH power of this carrier
	UE’s transmission power can be shared by all CCs.

PCMAX = MIN {PEMAX, PUMAX}, 


From the PH calculation formulas, we can see that the PH design is impacted by two factors:

1. the unit of the estimated UL-SCH power, which can be CC based or UE based;

2. Whether the UE’s maximum transmission power can be shared amongst CCs or not;
Both the uplink resource allocation and power control in eNB are CC specific, and the estimated UL-SCH power is based on the allocated uplink resources, MCS and power control on each CC, so the unit of the estimated UL-SCH power is CC specific, we propose the PHR is CC specific.
Proposal 5: The PHR is CC specific.

According to the reference [4], the following conclusions can be made:

· One PA should have a maximum transmit power of 23dBm.
· The Pmax of UE should be defined based on the total transmit power, and that its definition should be decoupled from the number of antennas used, and should be defined as 23dBm regardless of the number of antennas, PAs and precoding used.
From above, the conclusion is that the UE’s transmission power can be shared by all CCs, so the Mixed PH calculation is preferred.
Proposal 6: Pcmax calculation based on the maximum power of UE and the power limitation on this carrier.
2.6. DRX

This issue is discussed in [2]. We propose that the DRX parameter is UE-specific and the listening state of PDCCH CC is affected by the DRX configuration on itself and the other CCs it may schedule.
3. Conclusion
In this contribution, we discuss the impact of CA to MAC layer, and below proposals are suggested:
Proposal 1: In connected mode, random access procedure can be initiated on any aggregated component.

 Proposal 2: It is proposed to discuss whether timing alignment per CC needs to be supported.

Proposal 3: D-SR can include more information for LTE-A UE.
Proposal 4: There is at most one BSR in one subframe.

Proposal 5: The PHR is CC specific.

Proposal 6: Pcmax calculation based on the maximum power of UE and the power limitation on this carrier.
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Appendix: Timing Advance Scenarios in [4]
Scenario #1: Component Carriers in the absence of repeaters, RRUs, CoMP.  
Same timing advance could be acceptable as a similar propagation environment is possible on both carriers. 
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Figure 1 Component Carriers in the absence of repeaters, RRUs, CoMP.

Scenario #2: Frequency Selective Repeaters
The different component carriers could see substantially different propagation environments due to different frequency selective repeaters and hence see different time-of-flights.
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Figure 2 Frequency Selective Repeaters
Scenario #3: Non-Collocated Sites

The UE may communicate with two non-collocated sites on the two carriers. Such a scenario could occur with remote antennas or remote radio heads. 
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Figure 3 Non-collocated Sites
Scenario #4: Co-ordinated MultiPoint (CoMP)
In the context of uplink CoMP, where different cells could be receiving the UE’s signals on any carrier. The timing advance could therefore be chosen to target any of the cells, and thus different carriers could have different timing advance commands. 
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