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1 Introduction
In RAN2 #70 meeting, there were some discussions to remove the MAC activation/deactivation mechanism from Rel-10. Some RAN4 concerns were discussed as well. It is our understanding that RAN2 agreed to have common DRX with the assumption of fast activation/deactivation. In this document, we discuss the power saving performance of MAC activation/deactivation mechanism, possible alternatives and the issues of activation/deactivation in the DL and UL direction.
2 Discussion on the MAC activation/deactivation
Power saving by MAC activation/deactivation mechanism
In our understanding, the MAC activation/deactivation mechanism is introduced for power saving. With the mechanism, the Scell is first configured by RRC and then activated by MAC CE for data transmission while needed. The normal procedure would be as follows:
- eNB configures Scell when UE requests for high-rate service.
- UE keeps monitoring the link quality of Scell.
- eNB sends MAC CE to activate Scell when data transmission request is triggered.
- eNB deactivates Scell when no transmission is conducted during the service.
- eNB de-configures Scell when the service is terminated.
If the traffic pattern is bursty, activation/deactivation during a service time is beneficial to power saving. In Appendix A, we show power saving analysis for common DRX with activation/deactivation. The analysis results show that DRX with MAC activation/deactivation mechanism can provide significant power saving gain. And, tthe power saving gain would increase as the traffic burstiness goes high or the number of Scell increases.
Discussion on possible alternatives
In our understanding, except of the MAC activation mechanism (Option-1) for power saving, there are two possible alternatives:

- (Opton-2) RRC configuration/de-configuration

- (Option-3) individual DRX

In Option-2, RRC configuration of a Scell implies that the Scell is automatically activated. That is, when a Scell is configured, UE has to re-tune current RF chain or turn on another RF chain, depending on UE transceiver architecture. Since the RF operation consumes battery power, we think that Scell is only configured when there are traffic flows waiting to be transmitted. However, RRC signaling takes longer time, compared to MAC CE signaling. The power consumption of Option-2 would be worse than that of MAC activation mechanism (See Appendix A). To control the Scell activation/deactivation along the variation of traffic flow, both Option-1 and Option-2 would face the same transmission glitch due to RF re-tuning. Additional problems of Option-2 are:
- In the handover case, target eNB may be refrained to configure Scells in handover command if no measurement information is available over X2 interface.
- If Scell configuration/de-configuration is conducted along with traffic variation, RRC signaling overhead is a concern.
- By using RRC signaling to activate Scell would enforce a strong interaction between RRC module and scheduler.
Regarding to Option-3, we think it can achieve the same power saving performance as Option-1 if the configuration of per-CC DRX can be adaptive to the traffic pattern. There are some concerns on DRX complexity (e.g., more DRX timers). Moreover, to achieve goal of power saving, RF chain re-tuning is still inevitable. 
Based on the above analysis, we think common DRX scheme with MAC CE activation/deactivation can achieve the best power saving performance for CA operation.
Proposal 1: MAC CE-based activation/deactivation is included in Rel-10.
Discussion on RAN4 impacts
In the last meeting, there are some concerns regarding RAN4 impacts on RF re-tuning and measurement. Our understanding on state-of-art RF technology is that the re-tuning can be done within 1-2ms [1-3], which is equivalent to 1 subframe time. It is not a very long transmission glitch. During the re-tuning time, eNB can determine not to schedule PDCCH or PDSCH to UE. If eNB still schedules PDCCH to UE, UE obviously cannot decode it. In ordinary transmission, PDCCH/PDSCH sometimes might not be correctly decoded due to the fluctuation of wireless channel. We think the RF re-tuning is not a big concern if the activation/deactivation does not happen frequently.
As for the measurement, we think two difference measurements are applied for deactivated and activated Scell, respectively. For deactivated Scell, the measurement is to measure the quality of Scell, which is similar to the inter-frequency/intra-frequency measurements in handover operation. Rel-8/9 RRM measurement can be applied. As for the activated Scell, measurement for data transmission is required and CQI measurement can be used. Therefore, we think no new measurement is required to be defined if the MAC activation/deactivation mechanism is introduced in Rel-10.
Proposal 2: No new measurement requirement would be defined.
3 Discussion on the UL activation/deactivation
In previous meeting, RAN2 agree to have PUCCH and RACH operations via Pcell only. The ACK/NACK feedback for the DL PDSCH from Scell is transmitted over Pcell. So, if a Scell is configured and activated for DL-only transmission, it would be power-efficient by not turning on UL circuits. Moreover, in UL-only transmission scenario, DL reception would be unnecessary if cross-carrier assignment is applied. Therefore, we think DL and UL Scells can be activated and deactivated individually.
Figure 1 shows an example of individual DL/UL activation by MAC CE. In the figure, DL/UL bitmaps carry complete information for all configured Scells in every activation/deactivation MAC CE, i.e. the bitmap indicates the latest state of all configured Scells. If the state is changed from previous command, it means the Scell shall be either activated or deactivated. Furthermore, value ‘0’ in bitmap may represent the corresponding UL/DL Scell is deactivated, value ‘1’ in bitmap may represent the corresponding UL/DL Scell is activated. In Figure 1, after the activation/deactivation command is received, the UL/DL Scells are activated/deactivated accordingly, i.e. DL Scell2 and UL Scell2 are deactivated, UL Scell3 is activated. 

Proposal 3: DL and UL Scells are activated/deactivated individually.
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Figure 1: Example of MAC CE-based activation/deactivation

4 Discussion on the options for activation/deactivation
As discussed in section 2, activation/deactivation is proposed to achieve power saving gain by turning off unnecessary circuits. The circuits that can be turned off during the deactivation period are RF module and BB. In our understanding, there are two possible options:
- Option-1: Both RF and BB are turned on/off according to activation/deactivation command
- Option-2: Only BB is turned on/off according to activation/deactivation command
Option-1 can provide better power saving then Option-2, for one activated period. However, Option-1 may introduce glitch due to RF re-tuning in single-RF transceiver architecture (i.e., intra-band CA). For downlink transmission, the glitch would result in PDCCH/PDSCH decoding suspension temporarily. For uplink transmission, the glitch would result in the temporary unavailability of PUCCH or PUSCH. Therefore, we think, the activation/deactivation cannot happen frequently.
As for Option-2, no glitch effect is expected. Aggressive activation/deactivation operation is possible because there is no RF re-tuning. A bursty traffic flow consists of multiple ON periods and OFF periods. For the bursty flow, Option-2 provides a better power saving gain during the whole transmission period if ON/OFF period switches frequently. So, we think the comparison of power saving gain between the two options depends on the traffic pattern.
Proposal 4: For inter-band CA, both RF and BB are turned on/off according to activation/deactivation command 
Proposal 5: For intra-band CA, it is suggested RAN2 to discuss the two options of activation/deactivation mechanism.
5 Conclusion
In this document, we discuss the MAC activation/deactivation and possible alternatives. As a UE vendor, we think power saving is a very important performance index for CA operation. Among the three possible options, we think MAC activation/deactivation can achieve the best power saving performance with minimal complexity. And, the PUCCH and RACH are transmitted over Pcell only so we think DL and UL Scells can be activated/de-activated individually.

Proposal 1: MAC CE-based activation/deactivation is included in Rel-10.
Proposal 2: No new measurement requirement would be defined.
Proposal 3: DL and UL Scells are activated/deactivated individually.
Proposal 4: For inter-band CA, both RF and BB are turned on/off according to activation/deactivation command 
Proposal 5: For intra-band CA, it is suggested RAN2 to discuss the two options of activation/deactivation mechanism.
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Appendix A: Power saving analysis

A.1 Power saving calculation for ACT/DEACT-based DRX
The power saving gain by introducing activation/deactivation mechanism to common DRX is analysis in this appendix. Generally speaking, the power saving gain depends on hardware architecture and traffic model. We assume that the battery power is only consumed by RF, baseband (BB) and processor. According to the rule of thumb, the three modules equally share the power, i.e., 1/3 power consumption per module. 
We first analyze the effect of UE architecture. From UE perspective, single-RF and multiple-RF chains are possible architecture to support CA operation. It is our understanding that, single-RF chain is applied in intra-band CA scenario and multiple-RF chain is in inter-band CA scenario.
- Multiple-RF chain transceiver architecture (Option-1): In this architecture, RF and BB can be turn on and off independently. Since Scell can be de-activated if no transmission is required, no power is consumed by RF and BB. That is, 2/3 power can be saved for single transceiver module.
 - Single-RF chain transceiver architecture (Option-2): In this architecture, the power saving improvement depends on whether RF module can be partially turned off. If the bandwidth of analog RF filter is re-tunable (Option-2a), the power saving ratio for single transceiver module 2/3. Otherwise, it is 1/3 (Option-2b).
Suppose that a UE is configured with M-1 Scells for CA operation and each cell carries a specific service flow. The power saving gain of activation/deactivation mechanism can be calculated by
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where Pi is the ratio of on-duration of a traffic flow i. In our understanding, bursty traffic is a key characteristic of multimedia applications (e.g., web browsing, inter-active video), which is a common scenario for smart phone. 
A common bursty traffic model is used for power saving calculation [4], where the average burst size is 500Kbytes and inter-burst time is 5 seconds. If the normal TB size to transmit the bursty data is ranging from 25125 to 37688 [5], the burstiness would be generally ranging from 0.3 to 0.2. The results of power saving calculation are given in Table 1 and 2. Table-1 shows that, if burstiness goes high (i.e., lower on-duration), the power saving gain would increase accordingly. It can also be found that Option-1 has higher power saving gain than Option-2b. The result indicates that activation/deactivation mechanism can achieve better power saving performance in inter-band CA scenario. And, comparing Table 1 and Table 2, it can be found that the power saving gain increases as the number of Scell increases. 
	
	Option-1
	Option-2a
	Option-2b

	Pi =20%
	26.66%
	26.66%
	13.33%

	Pi =25%
	25%
	25%
	12.5%

	Pi =30%
	23.33%
	23.33%
	11.67%


Table 1: Comparisons of power saving ratio for the three options (M=2)

	
	Option-1
	Option-2a
	Option-2b

	Pi =20%
	35.56%
	35.56%
	17.78%

	Pi =25%
	33.33%
	33.33%
	16.67%

	Pi =30%
	31.11%
	31.11%
	15.56%


Table 2: Comparisons of power saving ratio for the three options (M=3)
A.2 Comparison between MAC-based and RRC-based schemes
The actual turn-on time for a Scell is the combination of transmission time (T1) and transition time (T2). For each data burst of traffic flow, the transmission time can be calculated by [image: image5.png]BurstSize
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. For MAC-based CE activation/deactivation scheme, the transition time takes 10ms for Scell activation/deactivation. As for RRC-based configuration/de-configuration scheme, the transition time takes 45ms for the addition and removal. Given the burst size is 500kbytes and TB_size is 25125, the required transmission blocks are 160. And, the turn-on time for the two schemes can be found in Table 3. The power consumption is directly proportional to the turn-on time. In the table, it can be found that, as the schedule interval becomes shorter, the MAC CE-based activation/deactivation can achieve higher power saving gain.
	Schedule interval
	MAC CE-based activation/deactivation
	RRC-based configuration/de-configuration

	1 subframe
	170
	205

	2 subframes
	330
	365

	4 subframes
	650
	685

	10 subframes
	1610
	1645


Table 3: Comparisons of turn-on time
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