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1 Introduction

In RAN2#69bis a new MAC Control Element for managing component carriers was agreed for the activation and deactivation signalling for the configured DL component carriers. It was decided that this new MAC CE is identified by a unique LCID and contains at least the activation respectively deactivation command for the secondary DL component carriers configured for the UE.
It was furthermore decided that the new MAC CE includes a 4 or 5-bit bitmap where each bit is representing one of the DL CCs that can be configured in the UE. A bit set to 1 denotes activation of the corresponding DL CC, a bit set to 0 respectively denotes deactivation.
This contribution discusses the following open issues of the MAC CE for CC Management.

· When does the deactivation command for a DL SCC take effect
· The mapping of the bits in the activation/deactivation bitmap to the actual component carrier
· Whether 5 or 4 bits are needed in the activation/deactivation bitmap
· What other information needs to be included in the MAC CE for CC Management
2 Discussion
2.1 Effective deactivation of DL SCCs
Since the MAC CE for CC Management comprises all activation/deactivation commands for all DL SCCs of a UE an obvious mode of operation for the eNB is to combine several status changes (i.e. from activated to deactivated and vice versa) in one MAC CE instead of issuing a MAC CE to control just a single DL SCC. This is even more plausible since Carrier Aggregation in the downlink is for conveying large amounts of data resulting from bursty best effort traffic (i.e. FTP or HTPP data) to the UE.

Taking the above traffic scenario as an example, an eNB that has activated several DL SCCs in a UE in order to send a large amount of data in the downlink will most likely deactivate the DL SCCs after the data is sent to the UE. Hence, the deactivation command (i.e. the MAC CE for CC Management) could be sent in the transport block belonging to the last initial transmission on the DL SCCs. However, if UE strictly follows the deactivation command, the DL SCCs are deactivated right after receiving the transport block including the MAC CE for CC Management.
A consequence of the immediate deactivation would be that ongoing HARQ retransmissions on DL SCCs can not be completed and data is lost. To avoid this eNB has to issue the deactivation command only if all retransmissions on a DL SCC are successfully finished.

The eNB has two options to avoid the above issue. One option is that  eNB has to include a separate MAC CE in a DL transport block whenever one of the  DL SCCs to be deactivated has successfully received it’s last transmission. Another option would be that eNB sends the deactivation commands combined in one MAC CE after retransmissions have finished on all DL SCCs.
Both options shown above have drawbacks. The first option would mean that several MAC CEs instead of only one have to be sent to the UE increasing the control overhead. The second option would mean that DL SCCs where the initial transmission is received successfully or retransmissions finish early have to stay active until the last DL SCC to be deactivated finishes it’s retransmissions. Hence the active but not used DL SCCs will consume power unnecessarily.
All drawbacks can be avoided if eNB sends the MAC CE with the deactivation for all DL SCCs but eNB only performs the actual deactivation of a DL SCC when the last transmission on that DL SCC is successfully completed, in other words, if all HARQ processes of the DL SCC have finished their (re-)transmissions successfully. This allows the concentration of the deactivation commands in one MAC CE but avoids the unnecessary activation of a DL SCC.
Proposal 1: After receiving a deactivation command for a DL SCC, the UE deactivates the DL SCC after all HARQ (re-)transmissions have finished successfully on that DL SCC.

2.2 Bitmap design for activation/deactivation and mapping of bits to component carriers
A UE in RRC_Active can be configured with up to 5 component carriers [1]. One component carrier is always active (the PCC) the  up to 4 other component carriers (the SCCs) are activated/deactivated by eNB using the bitmap in the MAC CE for CC Management.

Assuming an UE with 5 configured component carriers one of the CCs is the PCC, the other four are SCCs. For the SCCs activation and deactivation is needed. We assume that UE and eNB are well aware at all times which component carrier is the PCC and which component carriers are the SCCs and that both UE and eNB have the same understanding on the configured component carriers.
There are several ways how CCs could be ordered in the UE. For example, there could be ordering from the highest to the lowest center frequency of the component carriers or from the highest to the lowest carrier index. Also, ordering could be reverse, from lowest to highest.
Regardless how the CCs are ordered, UE is always capable of leaving out the PCC, since it is always aware which CC is the PCC. Figure 1 depicts the details of mapping between the bitmap in the MAC CE for CC Management and component carrier order.
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Figure 1 - Relation between bitmap and configured CCs at time instance 1

In Figure 1 the yellow component carriers represent a number of component carriers that can be configured for a UE in ascending frequency (i.e. CC2’s center frequency is higher than CC1’s and so on). Below the CCs configured in the UE are shown. The PCC is marked in orange, the blue CCs are SCCs that can be activated and deactivated.
At the bottom of the picture the bitmap for activation/deactivation is show. Each bit refers exactly to one SCC.

Considering that Figure 1 refers to a time instance 1, Figure 2 shows the UE’s state at a time instance 2 different to time instance 1.
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Figure 2 - Relation between bitmap and configured CCs at time instance 2

In Figure 2 a different set of CCs is configured and the PCC has changed. However, following the assumptions made above, the relation between the specific bits in the bitmap for activation/deactivation is unambiguously known.
Hence, we conclude that it is sufficient to introduce a bitmap for activation/deactivation that is comprised of four bits, since it is clear even after PCC change and CC reconfiguration which bit refers to which SCC.

 Proposal 2: The bitmap for activation/deactivation of SCCs included in the MAC CE for CC Management is comprised of 4 bits where each of the bits refers to exactly one of the possible 4 SCCs.
An easy way of mapping the bits of the bitmap to the actual component carriers would be in reference to the DL CCs centre frequency. Thus, the highest bit (in Figures 1 and 2 this is bit 4) refers to the lowest frequency SCC where the lowest bit (in Figures 1 and 2 this is bit 1) refers to the highest frequency DL SCC.
Porposal 3: Mapping between the bits of the bitmap for activation/deactivation is by reference to the center frequency of the DL SCCs. The highest bit refers to the lowest frequency DL SCC where the lowest bit refers to the highest frequency DL SCC.
2.3 Additional information in the MAC CE for CC Management
In last meeting it has only briefly discussed in RAN2 with no decision which additional information needs to be included in the MAC CE for CC Management.

A common scenario for Rel-10 will be the asymmetric usage of UL and DL component carriers. Large amounts of DL best effort traffic are opposed to UL traffic of only small size, i.e. FTP download during ongoing VoIP call or even just TCP ACK/NACK.

In such a scenario several of the configured DL SCCs are activated while none or only a few of the available UL SCCs are used for scheduling UL traffic.

Following Rel-8 procedure when the UE is configured with periodic SRS reporting SRS is transmitted in the configured OFDM symbols in the UL carrier.

Since in Rel-10 there might be several (up to 5) configured UL carriers there are several approaches to periodic SPS reporting on the UL component carriers.

1. New RRC configuration configures SRS reporting per UL CC
2. If periodic SRS reporting is configured, it is started on all configured UL CCs

3. If periodic SRS reporting is configured, it is started on an UL SCC when the linked DL SCC is activated

4. If periodic SRS reporting is configured, for UL SCCs the starting and stopping of the SRS reporting is explicitly signalled.
Approach 1 would increase the complexity of SRS configuration considerably. Furthermore, the handling of SRS reporting would not be very flexible since it would require RRC reconfiguration whenever SRS reporting should change on a UL component carrier.

In order to evaluate  approaches 2 and 3 the following two use cases need to be considered.
1. a configured UL component carrier is  not used further
In this case not activating periodic SRS reporting on this UL component carrier makes sense, since all UL data transmissions are scheduled on other configured UL component carrier(s), where periodic SRS reporting is active. The UL PCC is sufficient for UL feedback for the transmissions on that DL SCC and UE can save power by not sending the periodic SRS on additional UL SCC(s), which is not intended to be used for UL scheduling. It should be noted that periodic SRS reporting on a CC is only required when eNB intends to schedule UL data transmission on this component carrier.
2. a configured UL component carrier is to be used further for UL data transmission
In order to be able to transmit UL data on the additional UL component carrier with good link adaptation, it is required to have periodic SRS reporting on the additional component carrier.
These two cases considered, especially approach 2 but also approach 3 are not efficient since they don’t take into consideration if SRS is really needed on an UL SCC or not. Hence both approaches waste SRS resources and consume unnecessary transmission power in the UE.

Therefore, we assume that it is most efficient that periodic SRS reporting on an UL SCC is explicitly activated / deactivated by eNB. In detail this means, that eNB can control for each configured UL SCC when periodic SRS reporting is started and when it is stopped.
It should be noted that the configuration for periodic SRS reporting is signalled with the component carrier configuration message. 

Proposal 4: When periodic SRS reporting is configured in the UE, eNB can enable/disable the periodic SRS reporting explicitly for each UL SCC. 

Since the starting and stopping of the SRS reporting of an UL SCC from a signalling point of view is similar to the activation and deactivation of a DL SCC we propose to also use a bitmap. 4 bits are referring to the UL SCCs in the same way as the bits of the activation/deactivation bitmap refer to the DL SCCs. A bit set to 1 refers to the start of SRS reporting on the corresponding UL SCC and a 0 refers to the stopping of SRS reporting on the corresponding UL SCC.

Proposal 5: A bitmap of 4 bits where each bit is referring to one of the up to four UL SCCs is used for starting and stopping periodic SRS reporting on the UL SCCs if periodic SRS reporting is configured for the UE. A bit set to 1 refers to the start of SRS reporting on the corresponding UL SCC and a 0 refers to the stopping of SRS reporting on the corresponding UL SCC.

Prposal 6: Mapping between the bits of the bitmap for enabling/disabling periodic SRS reporting  is by reference to the centre frequency of the UL SCCs. The highest bit refers to the lowest frequency UL SCC where the lowest bit refers to the highest frequency UL SCC.
Since the enabling and disabling of SRS reporting in an UL SCC is similar from signalling point of view to the activation and deactivation of a DL SCC MAC signalling can be used as well to convey this information to the UE. Since change of activation/deactivation status of a DL SCC and change enabling/disabling of SRS reporting on a UL SCC are likely to coincide as discussed above, it makes sense to combine the two bitmaps for DL SCC activation/deactivation and UL SCC SRS enabling/disabling in one MAC CE. As both bitmaps have a size of 4 bit (if RAN2 agrees to Proposal 2 in this contribution) they can be combined in the MAC CE for CC Management without exceeding the size of one octet.
Proposal 7: The bitmap for starting and stopping the periodic SRS reporting on UL SCCs is included in the MAC CE for CC Management.
3 Conclusions

In this contribution the bitmap design for activation/deactivation of DL SCCs was discussed. Furthermore, the mapping of the bits to the DL SCCs was shown. Furthermore, the inclusion of a bitmap for starting and stopping periodic SRS reporting on the UL SCCs into the MAC CE for CC management was introduced. The following proposals were made:
Proposal 1: After receiving a deactivation command for a DL SCC, the UE deactivates the DL SCC after all HARQ (re-)transmissions have finished successfully on that DL SCC.

Proposal 2: The bitmap for activation/deactivation of SCCs included in the  MAC CE for CC Management  is comprised of 4 bits where each of the bits refers to exactly one of the possible 4 SCCs.
Porposal 3: Mapping between the bits of the bitmap for activation/deactivation is by reference to the center frequency of the DL SCCs. The highest bit refers to the lowest frequency DL SCC where the lowest bit refers to the highest frequency DL SCC.
Proposal 4: When periodic SRS reporting is configured in the UE, eNB can enable/disable the periodic SRS reporting explicitly for each UL SCC.
Proposal 5: A bitmap of 4 bits where each bit is referring to one of the up to four UL SCCs is used for starting and stopping periodic SRS reporting on the UL SCCs if periodic SRS reporting is configured for the UE. A bit set to 1 refers to the start of SRS reporting on the corresponding UL SCC and a 0 refers to the stopping of SRS reporting on the corresponding UL SCC.

Porposal 6: Mapping between the bits of the bitmap for for enabling/disabling periodic SRS reporting is by reference to the centre frequency of the UL SCCs. The highest bit refers to the lowest frequency UL SCC where the lowest bit refers to the highest frequency UL SCC.
Proposal 7: The bitmap for starting and stopping the periodic SRS reporting on UL SCCs is included in the MAC CE for CC Management.
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