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1   Introduction
In the previous RAN 2 meetings, it has been agreed that Intra-NR CA shall be supported as a baseline.  In this contribution, the detailed features of MAC are further discussed to support intra-NR CA.
2   MAC-layer support for CA in NR
In the CA of LTE, serving cells could be actived/deactved by MAC entity. If one SCell is deactived, UE does not need to decode the PDCCH or measure the CSI-RS such that RF chain could be turned off. In NR, bandwidth is extended and power consumption will become a bigger issue. Hence, the SCell actication/deactivation by MAC CE should also be supported for power saving. 
Proposal 1: SCells could be activated/deactivated by MAC CE in NR.
In NR, one SCell could occupy the bandwidth as large as 400MHz, and multiple numerologies could be applied in one cell to support various services such as eMBB/MTC/URLLC. How to divide the physical resources among the numerilogies still has not been decided. If the resource allocation is semi-static, activation/deactivation of serving cells per numerology could be applied to switch off the RF chian for certain numerologies and achieve better performance of power saving.  However, if UE only receives some physical resources on certain numerologies while does not receive on some others, measurement is difficult. If the resoruce allocation is dynamic, activation/deactivation per numerolgy is very complex. In order to simplify the design, activating/deactivating numerology inside a cell is not a good choice.
Proposal 2: NR should not support the activation/deactivation of numerology inside a cell. 
In LTE, dedicated PUCCH resource is configured for UE to transmit SR/CSI in the UL, and all the dedicated PUCCH resources are allocated to PCell. In the scenario of 32 cells aggregation, SR resources could be located in PCell and another PUCCH SCell. This configuation could guarantee low PAPR. In NR, although the new waveform is introduced, and UE has better performance in case of non-continuous transmission, PAPR is still an important issue. If PUCCH resources are located in every cell, PAPR could be a problem. In addition, the complex mapping  will be very complex for RRC configuraion.
Proposal 3: PUCCH resource (SR) should not be configured for all the SCells.
In LTE, RAR is always transmitted in PCell, and UE is not needed to decode the common search space of PDCCH in SCell. The defect of this design is that PRACH resource could not be ultilized efficiently. This is illustrated in Figure 1.  In the example, two UEs could not transmit the preamble with the same index in separate PRACH occasions. 
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Figure 1: Preamble transmission in CA
In NR, if PRACH resource is not a serious issue, it is a good to apply the LTE design, because the blind decoding action could be simplified. In the first phase of NR, PRACH resource is not a limitation, so it is proper to tranmit RAR in PCell only.
Proposal 4: RAR shall be trasnmitted on the PCell.
In LTE, cross-carrier scheduling is applied in some scenario in which the PDCCH region of some cells could not be used because of interference for ICIC. For intra-NR CA, this issue still exists, so the cross-carrier schedulling is also useful. The main difference between NR and LTE is different TTIs. In NR, multiple TTIs could be applied for serving cells, and there are two basic cases which is illuminated in figure 2.
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Figure 2: two cases of cross-carrier scheduling
The detail of these two cross-carrier scheduling shall be configured by RRC in LTE, and related parameters in LTE shall be baseline. 
Proposal 5: Cross-carrier schedulling shall be configured by RRC like in LTE, and the related parameters in LTE shall be the baseline.
In RAN2 #97bis meeting, following agreement has been attained about DRX:

	· A MAC entity can be in one DRX state (i.e. single on/off duration) at any given time.  FFS if multiple configuration are supported.
· When MAC entity is awake, it monitors “PDCCH” occasion
· In NR, a DRX configuration is described by at least the following configuration parameters: an OnDuration timer, an Inactivity timer, a Retransmission timer, shortDRXcycles, longDRXcycles


 Based on the agreement above, a MAC entity can be in the OnDuration DRX state at any given time. In the CA scenario, all the aggregated cells share the same MAC entity, so all these serving cells shall be in the common DRX state. 
Another issue is whether the multiple DRX configurations are needed or not in NR. NR supports multiple types of sessions with different QoS requirement. If one UE has multiple ongoing sessions with different QoS, this co-exist cases could be divided into two types:
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Figure 3: two cases of sessions co-exist

· Case 1: multiple sessions exist at the same time

For this case, DRX configuration could be configured based on QoS of both sessions.

· Case 2: multiple sessions exist with TDM 

For this case, it is good to apply multiple DRX configurations for the two sessions separately and UE switches between these two configurations quickly. If only one configuration is configured, this switching could only be via RRC procedure, which is too slow. Hence, a good choice is to use MAC CE to modify the configurations
Proposal 6: DRX state shall be common for all the cells in CA. The DRX configurations of a UE should be switched by MAC CE. 
In LTE CA scenario, every serving cell shall be frame and sub-frame aligned, and DRX computation shall be based on this common frame and sub-frame. In NR, every aggregated cells could use different numerology and TTI length, as a result, their frame and sub-frame number may be different. In this case, the common DRX state may be computed based on the common TTI-length of one reference cell. Considering the high reliabily of PCell, it is reasonable to regard PCell as reference cell to compute OnDuration timer.
Proposal 7: the OnDuration timer shall be computed based on the TTI-length of PCell.
3   Conclusion
Proposal 1: NR cell could be activated/deactivated by MAC CE.
Proposal 2: Do not support active/deacive numerology inside a cell.
Proposal 3: PUCCH resource (SR) could be configured in some Cells, for example, PCell.
Proposal 4: RAR shall be on the PCell.
Proposal 5: Cross cell schedulling shall be configured by RRC, and the related parameters in LTE shall be the baseline.
Proposal 6: DRX state shall be common for all the cells in CA, and multiple configurations are needed.
Proposal 7: Onduration timer shall be computed based on the TTI-length of PCell.
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