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1
Introduction
In RAN2#68bis the following decisions regarding activation/deactivation of component carriers (CCs) were made [1]:

	Agreements for DL:

1. Will have separate activation / deactivation

2. FFS if activation/deactivation would be per CC or common

3. On a deactivated DL CC, the UE does not receive PDCCH nor PDSCH. On an activated DL CC, the UE will receive PDSCH, and PDCCH if present

4. Will not have CQI like measurements on deactivated CC’s. Further measurement details FFS.

5. Will use L1 or MAC for activation  [FFS]

6. Will use L1 or MAC or implicit for deactivation [FFS]


In this contribution we discuss explicit activation and deactivation of DL CCs. Implicit CC deactivation is discussed in a separate contribution [2]. UL CC activation/deactivation is also addressed in a separate contribution [5].
2
Explicit CC activation and deactivation mechanism
In Release 10, a CC activation/deactivation mechanism was agreed to be introduced in order to reduce the UE power consumption when CA is configured [1]. In this contribution we present advantages and disadvantages of using MAC vs. L1 to explicitly signal CC activation/deactivation, and also discuss common vs. per CC activation/deactivation.

2.1
Per CC vs. common activation/deactivation
In order to maximize the UE battery saving properties of the activation mechanism, it should be possible to activate CCs on an individual basis – as opposed to restrict the signalling in such a way that all CCs are activated always.
Proposal 1: activation signalling should allow for individual CCs as well as all CCs to be activated.
2.2
MAC vs. L1 signalling for CC activation/deactivation
In the presented analysis/discussion our underlying assumption is that a primary CC is always configured for a UE [3], and that such primary CC is always activated.

2.2.1
Reliability

Reliability of activation/deactivation messages is very important. Missed activation (i.e. the eNB thinks the CC is activated, while the UE thinks is deactivated) will result in data transmission loss at MAC level, which results in data transmission delay as the RLC has to retransmit the lost PDUs according to its ARQ procedures (in case of acknowledged mode). The eNB can only detect missed activation when the UE does not respond to the data allocation with an ACK/NACK, so it may take a substantial amount of time. As CA is typically used with very high data rates, the data transmission may even get stalled if the RLC ARQ window gets full of data transmitted on other CCs during this period and has to wait for the missing PDUs.

A missed deactivation (i.e. the eNB thinks the CC is deactivated, while the UE thinks is activated) is less severe. The UE continues listening to PDCCH on the deactivated CC, thus just reducing the gain in terms of UE power consumption. Implicit deactivation based on inactivity timer [2] can efficiently ease this problem. However, if implicit deactivation is configured and the UE misses an explicit deactivation message from the eNB, this will introduce a misalignment in the timing:  the eNB “thinks” the UE is deactivating a CC at a different point of time than the UE is actually doing it. Such misalignment could potentially cause data loss (see “scheduler restrictions”).
A signalling error that causes an activation of a wrong CC results in a situation which is a combination of the both errors above. The UE loses the data transmitted on the intended CC while the timer based deactivation will release the wrong CC after a while. 

Observation 1: signalling errors may have harmful consequences and should therefore be minimized.

In general MAC signalling is more reliable than L1 signalling since it inherently benefit from L2 HARQ. The probability of PDCCH misdetection is typically in the order of 1-5% while MAC reliability (including L2 HARQ) is in the order of 10-3 (mainly dominated by DTX(ACK probability). One way to increase the reliability of L1 signalling could be to introduce some form of acknowledgement for PDCCH-based activation/deactivation message. However, the need to acknowledge a PDCCH transmission is in contradiction with the main advantage of using L1 signalling, namely improved latency. In terms of latency performance we do not see any advantage from introducing acknowledged L1 signalling compared to MAC signalling.

Observation 2: MAC is inherently more reliable than PDCCH.
2.2.2
Latency

The main advantage of L1 over MAC signalling is the lower activation/deactivation delay (resulting in lower latency). Latency is particularly important in case of CC activation e.g. in order to boost the user experienced data rate in the beginning of a data session. However:

· The delay performance of L1 signalling compared to MAC signalling is rather limited; it depends on the number of HARQ retransmissions , eNB processing delay, PDSCH decoding and MAC processing delay in the UE (see Figure 1), but is probably in the order of 10-20 milliseconds (assuming 1-2 HARQ retransmissions are needed to get the MAC PDU through). Moreover, the lower reliability of L1 signalling can actually worsen the overall delay performance of PDCCH-based CC activation/deactivation.
· As agreed in RAN2#68bis [1] the UE will not perform CQI like measurements on deactivated CCs. That means the eNB scheduler will not have channel information for a newly activated CC, and will have to perform resource allocation using a quite conservative transmission format. This will effectively limit the spectral efficiency on a newly activated CC (hence the user experienced data rate) independently on whether L1 or MAC signalling is used.
· The great majority of applications with high data rate requirements run over TCP protocol. TCP is characterized by the well-known slow start, which means that an application running over TCP will first exploit the full benefit of carrier aggregation (in terms of increased peak data rate) only some time after CC activation.

For all these reasons we believe that the latency improvement from L1 signalling compared to MAC signalling is not so significant when considering CQI delays, as well as the nature of data transmission protocol used by mobile applications.

Observation 3: the latency improvement from L1 signalling compared to MAC signalling is not significant when considering CQI delays, as well as the nature of data transmission protocol used by mobile applications.

In case of CC deactivation, delay is less critical and has no impact on the user experienced data rate. There is only a marginal impact on UE battery savings by faster CC deactivation. However, when considering the potential impacts of misalignments between when the eNB “thinks” the UE is deactivating a CC and when the UE actually does it (see paragraph on “scheduler restrictions”), we believe it is more important to guarantee higher reliability rather than slightly improve the CC deactivation delay.

2.2.3
Scheduler restrictions

As indicated in [6], activation/deactivation of CCs will introduce scheduling gaps for all the active CCs in the same frequency band of the activated/deactivated CCs due to the need for RF retuning in the UE when the effective Rx bandwidth is modified. First indications from RAN1-RAN4 are that such RF retuning could require to the UE up to a few milliseconds [6]. The eNB needs to know exactly when such scheduling gaps occur since any resource allocation in the corresponding time window will result in loss of data. 

In the example reported in Figure 1 we have assumed a scheduling gap of 1 ms, and that in case of L1 signalling no DL grant is transmitted for any of the active CC in the same TTI as the activation/deactivation message is transmitted (in case DL grant is present the UE will also need to decode PDSCH before it can trigger RF retuning). Besides the difference in delay between L1 and MAC signalling, Figure 1 illustrates that both L1 and MAC signalling of CC activation/deactivation introduce gaps where the UE cannot be scheduled for transmission on any of the activated CCs in the same frequency band. This requires the eNB scheduler to perform some kind of bookkeeping, i.e. at time instant t the eNB scheduler needs to remember that at time instant t – Delay it had commanded a CC activation/deactivation and that therefore the corresponding UE cannot be scheduled for transmission in the current TTI. The value of Delay depends on the type of signalling. Bookkeeping could potentially be avoided if the UE could be ready to receive with the new configuration of activated/deactivated CCs in the TTI after a CC activation/deactivation message is transmitted. However, this seems to be unrealistic also in case of L1 signalling. Therefore, in practice whether Delay is one TTI (L1 signalling) or several TTIs (MAC signalling) bookkeeping due to scheduling gaps will have the same impact on the eNB scheduler complexity.

Also, when a scheduling gap is happening at time instant t the UE won’t be able to receive the DL ACK/NACK for a corresponding UL transmission at time instant t - K TTIs (e.g. K = 4 for FDD mode). This means the eNB would need to take UL scheduling into account when activating/deactivating DL CCs. However, also in this case the impact on eNB complexity of L1 and MAC signalling is expected to be the same. 
Observation 4: both L1 and MAC signalling require the eNB to consider an activation/deactivation gap during which activated CCs are not available for transmission.
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Figure 1: Fast CC activation/deactivation via L1 and MAC signalling
2.2.4
Standardization effort

MAC signalling will probably require less standardization effort compared to L1 signalling. In case of MAC signalling activation/deactivation message can simply be conveyed using MAC Control Element (CE). 

Observation 5: MAC signalling appears simpler from a specification viewpoint.

2.2.5
Signalling overhead

From signalling overhead perspective MAC signalling is more expensive than L1 signalling. L1 signalling only “takes” resources on PDCCH, while MAC signalling requires additional overhead on PDSCH. The size of a MAC CE on PDSCH is probably in the order of few bytes (2-3 bytes). However, considering the bit rates targeted by CA the overall impact of a few bytes (typically sent every 100ms) is only negligible.
Observation 6: the overhead introduced by MAC signalling is negligible in the context of CA.

2.2.6
Summary

In Table 1 we try to summarize the pros and cons of CC activation/deactivation based on L1 vs. MAC signalling.

Table 1: Impact of L1 and MAC signalling on CC activation/deactivation
	
	MAC signalling 
	L1 signalling

	Reliability
	Medium-High (~10-3)
Protected by HARQ
	Low (1-5%)
No HARQ

	Latency
	~10-20 ms
assuming 1-2 transmissions are needed to get the MAC PDU through - no CQI available
	~5 ms 

assuming no error on PDCCH - no CQI available 

	Scheduler restrictions
	Introduce “scheduling gaps”

Bookkeeping needed in the eNB
	Introduce “scheduling gaps”

Bookkeeping needed in the eNB

	Standardization effort
	Low
	Medium-High

	Signalling overhead
	Low
Can be multiplexed with other MAC PDUs on PDSCH (payload = 2-3 bytes)
	Very Low
No PDSCH needed. Only PDCCH capacity needed for signalling.


Based on the all these considerations we propose to agree on the use MAC signalling for explicit CC activation and de-activation. 

Proposal 2: We propose that RAN2 agrees on the use of MAC signalling for explicit CC activation/deactivation in LTE-Advanced. Details on the specific format of activation/deactivation messages are FFS.
4
Conclusion
This contribution has analyzed the activation mechanism for CA. In order to maximise the power saving opportunities, the following proposal was made:
Proposal 1: activation signalling should allow for individual CCs as well as all CCs to be activated.

In addition, based on the following observations:

-
Signalling errors may have harmful consequences and should therefore be minimized;

-
MAC is inherently more reliable than PDCCH;
-
The latency improvement from L1 signalling compared to MAC signalling is not significant when considering CQI delays, as well as the nature of data transmission protocol used by mobile applications;

-
Both L1 and MAC signalling require the eNB to consider an activation delay during which activated CCs are not available for transmission.

-
MAC signalling appears simpler from a specification viewpoint;

-
The overhead introduced by MAC signalling is negligible in the context of CA.

The following proposal was made:
Proposal 2: We propose that RAN2 agrees on the use of MAC signalling for explicit CC activation/deactivation in LTE-Advanced. Details on the specific format of activation/deactivation messages are FFS. 
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