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1
Introduction
In RAN2#69 the following decisions regarding activation/deactivation of component carriers (CCs) were made [1]:
	Agreements:

3: 
Explicit activation of configured DL component carriers is done by MAC signalling
4: 
Explicit deactivation of configured DL component carriers is done by MAC signalling
5: 
Will have implicit deactivation of configured DL component carriers

1: 
The configuration of DL/UL component carrier is within UE’s aggregation capability. As a consequence of the latter activation/deactivation is as well within UE capability.

2: 
A newly configured component carrier is always in a default state of ‘deactivated’. In order to activate a newly configured component carrier, an activation command is necessary.
6: DL component carriers are activated and deactivated individually. A single activation/deactivation command can activate/deactivate a subset of the configured DL component carriers. Can comeback to this decision if it turns out problematic for PUCCH resource handling.


In this contribution we discuss additional issues concerning the explicit activation and deactivation of DL CCs using MAC signalling. More specifically we address:

-
Standardization of exact timing when UE should retune RF in correspondence of a CC activation/deactivation message;
-
Impact of potential errors in the HARQ acknowledgement of DL data transmissions including a CC activation/deactivation message.
2
Timing Aspects
As indicated in [1] and [2], activation/deactivation of a CC introduces scheduling gaps for all the activated CCs in the same frequency band of the activated/deactivated CCs due to the need for RF retuning when the UE effective Rx bandwidth is modified. First indications from RAN4 are that such RF retuning could require up to a few milliseconds [1]. The eNB needs to know exactly when such scheduling gaps occur since any resource allocation in the corresponding time window will result in a loss of data.
When the UE is performing RF retuning (subframei+T in Figure 1 below) the UE cannot be scheduled for transmissions on any of the activated DL CCs in the same frequency band, as well as on the corresponding UL CCs. Moreover, the UE is not able to receive the DL HARQ ACK/NACK for a corresponding UL transmission happening at subframei+T-K (e.g. K = 4 for FDD mode). 
In order to avoid scheduling transmissions when the UE cannot listen to PDCCH, the exact timing between:

-
the subframe where a CC activation/deactivation message is transmitted from the eNB to the UE using MAC signalling,

-
the subframe where the UE transmits to the eNB a positive HARQ acknowledgement for the corresponding MAC activation/deactivation message, and 

-
the subframe(s) where the UE performs RF retuning

needs to be standardized. We propose that the subframe when the UE starts performing RF retuning is relative to the subframe when the positive HARQ acknowledgement to a MAC activation/deactivation message is transmitted.
Proposal 1: After having transmitted a positive HARQ acknowledgement for a DL transmission containing a MAC activation/deactivation message at UL subframei, the UE starts performing RF retuning at the beginning of DL subframei+T. RF retuning takes up to R TTIs, i.e. neither PDCCH nor PDSCH can be received by the UE starting from subframei+T and up to subframei+T+R. The values of T and R need to be standardized.

Proposal 2: the value of T basically depends on MAC processing. We propose T = 2. The value of R should be provided by RAN1/RAN4.

[image: image1]
Figure 1: Timing between CC activation/deactivation using MAC signalling, 
positive HARQ acknowledgement of MAC activation/deactivation message, 
and scheduling gap due to UE modifying the effective Rx bandwidth

3
Impact of HARQ feedback errors
Next we discuss the impact of ACK → NACK and NACK → ACK errors, potentially leading to a mismatch in the state that a CC has in the eNB and in the UE (e.g. at a specific time instant the UE considers a CC as activated, while the UE considers the same CC as being deactivated, and vice versa). Activation and deactivation are treated separately.

3.1
Activation 
ACK → NACK
the UE correctly receives the activation message and accordingly modifies the Rx bandwidth (introduces scheduling gap). The eNB retransmits the data frame including the MAC activation message, or might send a new transmission if the maximum number of L1 transmissions has been reached. The UE ignores the “new” activation message for an already activated CC. If the retransmission (or new transmission) of a MAC activation message happens to collide with the scheduling gap introduced by the UE, the eNB detects DTX, assumes PDCCH has not been received and proceeds with another retransmission of the DL frame containing MAC activation message (or new transmission if the maximum number of L1 transmissions has been reached).

Thus, ACK → NACK errors might result in additional CC activation delay. However, there is no critical issue associated with this type of errors.
NACK → ACK
the UE was not able to receive the activation message and reports a NACK which the eNB sees as an ACK. After not scheduling any data on any of the activated CC while waiting for the UE to modify its Rx bandwidth (which it does not do), the eNB starts allocating resources on the newly activated SCC. From A/N feedback received in correspondence to the allocated resources on the newly activated DL CC (details are eNB implementation specific) the eNB can detect that an error has occurred and send a new activation message to the UE.

NACK → ACK errors might results in additional CC activation delay and in loss of data. However, the impact on performance can be limited if the eNB quickly reacts to DTX on PUCCH in correspondence of a DL grant transmitted on a newly activated CC.
DTX → ACK
the UE did not see the activation message and does not report anything. Nonetheless, the eNB sees an ACK. This error case is the same as NACK → ACK.
DTX → NACK
the UE did not see the activation message and does not report anything. Nonetheless, the eNB sees a NACK. In this case no error is introduced.
ACK → DTX
the UE correctly receives the activation message and reports an ACK which the eNB misses. This error case is the same as ACK → NACK.
NACK → DTX 
the UE was not able to receive the activation message and reports a NACK which the eNB misses. In this case no error is introduced.
3.2
Deactivation 

ACK → NACK
this is similar to activation. The UE correctly receives the deactivation message and accordingly modifies the Rx bandwidth (introduces scheduling gap). The eNB retransmits the data frame including the MAC deactivation message, or might send a new transmission if the maximum number of L1 transmissions has been reached. The UE ignores the “new” deactivation message since the corresponding CC has already been deactivated. If the retransmission (or new transmission) of a MAC deactivation message  happens to collide with the scheduling gap introduced by the UE, the eNB detects DTX, assumes PDCCH has not been received, and proceeds with another retransmission of the DL frame containing MAC deactivation message (or new transmission if the maximum number of L1 transmissions has been reached).

Note that in case of deactivation there is the possibility that the deactivation message is transmitted on the CC that is going to be deactivated. In this case an ACK → NACK error will cause the eNB to keep detecting DTX on PUCCH when retransmitting the deactivation message (since the UE has already deactivated the corresponding CC). This can be taken care by implementation specific solutions in the eNB; however, the problem can also be tackled by only allowing the eNB to transmit CC deactivation messages on the PCC [4]. 
NACK → ACK
the UE was not able to receive the deactivation message and reports a NACK which the eNB sees as an ACK. In this case the UE keeps the corresponding CC activated while eNB does not schedule any data on it. With implicit CC deactivation after some inactivity time the UE will deactivate the corresponding CC. Also while waiting for the UE to modify its Rx bandwidth (which it does not do), the eNB does not schedule any data on any of the activated CCs.
DTX → ACK
the UE did not see the deactivation message and does not report anything. Nonetheless, the eNB sees an ACK. This error case is the same as NACK → ACK.

DTX → NACK
the UE did not see the deactivation message and does not report anything. Nonetheless, the eNB sees an ACK. In this case, no error is introduced.

ACK → DTX
the UE correctly receives the deactivation message and reports an ACK which the eNB misses. This is error case is the same as ACK → NACK.

NACK → DTX 
the UE was not able to receive the deactivation message and reports a NACK which the eNB misses. In this case no error is introduced.

3.3
Minimising Errors

The analysis of the error cases above shows that HARQ feedback errors can introduce additional delay in CC activation and deactivation, and potentially also cause loss of data during a few TTIs. However, we think there are no critical issues that would need to be specifically addressed by RAN2 as potential issues can be solved by implementation-specific eNB algorithms as long as:

1)
the activation command consists of a bitmap giving the state of each SCC (as opposed to toggling the state of SCCs, which would significantly increase the possibilities of a mismatch when a command is lost); 

2)
the A/N codebook size is based on the number of configured CCs (as opposed to the number of activated CCs, which would make any mismatch a much more serious issue).
Proposal 3: the activation command consists of a bitmap giving the state of each SCC and the A/N codebook size is based on the number of configured CCs

It should also be noted that activation/deactivation messages should be sent on the PCC whenever possible to minimise possible error cases.
4
Conclusion
This contribution has investigated the timing aspects and error cases related to CC activation/deactivation. To ensure a coherent behaviour across UE implementations, two proposals were made:
Proposal 1: After having transmitted a positive HARQ acknowledgement for a DL transmission containing a MAC activation/deactivation message at UL subframei, the UE starts performing RF retuning at the beginning of DL subframei+T. RF retuning takes up to R TTIs, i.e. neither PDCCH nor PDSCH can be received by the UE starting from subframei+T and up to subframei+T+R. The values of T and R need to be standardized.

Proposal 2: the value of T basically depends on MAC processing. We propose T = 2. The value of R should be provided by RAN1/RAN4.
The analysis of the error cases have shown that when:

1)
the activation command consists of a bitmap giving the state of each SCC (as opposed to toggling the state of SCCs, which would significantly increase the possibilities of a mismatch when a command is lost); and when

2)
the A/N codebook size is based on the number of configured CCs (as opposed to the number of activated CCs, which would make any mismatch a much more serious issue).

HARQ feedback errors can be dealt with implementation-specific eNB algorithms and do not need to be specifically addressed by RAN2.
Proposal 3: the activation command consists of a bitmap giving the state of each SCC and the A/N codebook size is based on the number of configured CCs.
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