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1. Introduction

At the last meeting RAN1 #68, the (de-)activation of MF-Tx had been proposed, including some benefits and initial process in principle [1]. In this contribution, some details in the (de-)activation will be taken into consideration such as HS-DPCCH timing and format.
2. Discussion
2.1 Benefits of (de-)activation of MF-Tx

In [1], the benefits of (de-)activation of MF-Tx have already been analyzed. Here they are summarized as follows, including a new benefit on demodulation:

1. Timely UL interference reduction from network perspective
The additional UL power consumption of HS-DPCCH (2dB for joint feedback or 3dB for separate feedback [1]) will increase the UL interference compared with legacy single flow transmission, which reduces the radio network coverage and impacts the performance of legacy UEs especially in the cell edge, no matter which HS-DPCCH feedback scheme is adopted. Timely UL interference reduction is beneficial from network perspective.
2. Power saving from UE perspective

The UE operating in the MF-Tx mode shall keep monitoring the HS-SCCH(s) from the assisting serving cell even if the assisting serving cell does not schedule data for the UE due to the limited scheduling resource allocation to ensure the scheduling in its own cell. The power required to monitor the HS-SCCH(s) from the assisting serving cell is wasted in this case, when the deactivation of MF-Tx seems beneficial for UE.
3. Demodulation simplified from UE perspective

Except for the power saving by UE side, another benefit is to simplify the downlink demodulation when UE does not monitor the assisting serving cell. To ensure the performances, LMMSE receiver is always required to be used to demodulate the HS-PDSCHs for higher peak data rate if UE has this capability. Once the assisting serving cell is deactivated, the receiver aimed at the deactivated cell can go back to rake receiver only receiving common channels, which can simplify the receiving processing to save the time and power.
With the above, it is desirable to activate/deactivate the MF-Tx. This can be done at RNC, with the drawback that there is always a larger time delay compared to NodeB handling. 
Proposal 1: Introduce activation/deactivation of multiflow by dynamic control in L1 for intra-NodeB and inter-NodeB MF-Tx.
The activation/deactivation process is easily implemented in the intra-NodeB since the mechanism of MC-HSDPA can be reused. However, the activation/deactivation process of inter-NodeB is different from legacy process since two NodeB are involved with no direct communication. Thus in the next section, only activation/deactivation of inter-NodeB is designed.
2.2 Deactivation scheme of Inter-NodeB MF-Tx
Since joint HS-DPCCH feedback is used for MF-Tx, in case that one NodeB de-activates MF-Tx and the other NodeB is not aware of this, there would be error in decoding of CQI. Some mechanism would be needed to exchange the information of de-activation status between two NodeBs. An example is shown in Figure 1, which is quite straightforward. We regard this case as a baseline.
· Baseline (Figure 1)

The assisting NodeB sends the deactivation signaling to RNC based on the high load, and then the RNC stops sending data to the assisting NodeB. Then the assisted NodeB is informed of the decision by RNC and sends the deactivation order to UE.

With the above, assuming the time delay of Iub signaling from NodeB to RNC is 50ms, the time of taking effect at Network side is about 110 ms, where 100 ms is consumed in the Iub communication and 10 ms is consumed in the air. The time of taking effect at UE side is also 110 ms. Note that the starting point of counting the time of taking effect is the time when deactivation signaling is sent to RNC.
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Figure 1: Deactivation Process for Inter-NodeB MF-Tx (deactivation order sent by serving cell)
If mainly considering power saving and demodulation simplification from UE perspective, the time of taking effect at UE side would better be reduced as great as possible. This can be realized by UE still using the joint feedback in case that it is informed that the assisting cell is deactivated, with the only change is that UE sends a specific CQI value (say CQI0) for the assisting cell. From the network side, ACK can be correctly decoded since only one ACK from the serving cell is included in DC codebook, and CQI can also be correctly decoded since only the CQI for the assisted NodeB is useful.
The deactivation decision seems better to be up to assisting serving cell since the assisting NodeB has the knowledge of its traffic load. In addition, as analyzed in [1], the assisting NodeB is appropriate to send the deactivation order to UE due to the lower time delay. There would be two candidate procedures:
· Option1: Deactivation order sent by assisting serving cell and serving cell informed by RNC (Figure 2)
The assisting NodeB sends the deactivation signaling to RNC based on the high load, and then the RNC stops sending data to the assisting NodeB. At the time the assisting NodeB sends the deactivation signaling to RNC, the assisting NodeB sends the deactivation order to UE. The assisted NodeB is informed of the decision by RNC.
The time of taking effect at network side is about 100 ms, consumed in the Iub communication. The time of taking effect at UE side is about 10 ms consumed in air interface. 
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Figure 2: Deactivation Process for Inter-NodeB MF-Tx (deactivation order sent by assisting serving cell and serving cell informed by RNC)
· Option2: Deactivation order sent by assisting serving cell and serving cell informed by UE (Figure 3)
The assisting NodeB sends the deactivation signaling to RNC based on the high load, and then the RNC stops sending data to the assisting NodeB. At the time the assisting NodeB sends the deactivation signaling to RNC, the assisting NodeB also sends the deactivation order to UE simultaneously. The assisted NodeB is informed of the deactivation by UE, which can be realized by the serving NodeB detecting one or several consecutive specific CQI value (say CQI0) for the assisting NodeB. The time of taking effect at network side is about 50 ms, consumed in the Iub communication. The time of taking effect at UE side is about 10 ms consumed in air interface.
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Figure 3: Deactivation Process for Inter-NodeB MF-Tx (deactivation order sent by assisting serving cell and serving cell informed by UE)

Table 1: Summary of the time of taking effect in the MF-Tx (de)activation scheme
	
	Deactivation

	
	Baseline
	Deactivation order sent by assisting serving cell and serving cell informed by RNC (Option1)
	Deactivation order sent by assisting serving cell and serving cell informed by UE (Option2)

	Time of taking effect at network side
	approximate 110 ms
	approximate 100 ms
	approximate 50 ms

	Time of taking effect at UE side
	approximate 110ms
	approximate 10 ms
	approximate 10 ms


The time of taking effect w.r.t. different solutions is summarized in the Table 1. The time of taking effect at network side is mainly due to Iub communication and would benefit the network scheduling. The time of taking effect at UE side shows how much time UE spends to transit to power saving state. Option 2 (deactivation order sent by assisting serving cell and serving cell informed by UE) has the lowest time of taking effect both at Network side and UE side, which benefits both the network and UE.
It is noted that if considering the UL interference as the main issue, the HS-DPCCH format has to be changed, which cause more time spent to make the two cells and the UE in the line with each other.
Proposal 2: If proposal 1 is agreed it is recommended that HS-SCCH order is used for dynamic control in L1.
Proposal 3: Keep the same HS-DPCCH format and timing when MF-Tx is activated or deactivated.
Proposal 4: For inter-NodeB MF-Tx, deactivation order is sent by assisting serving cell and UE sends a specific CQI (say CQI0) for the assisting serving cell in case that the assisting cell is deactivated.

2.3 Activation scheme of Inter-NodeB MF-Tx
The preferred solution for MF-Tx deactivation is based on the assumption that there is no change in the HS-DPCCH format and timing. Based on the same assumption and considering the deactivation decision depending on the assisting serving cell mentioned above, it is better assisting NodeB requests the activation. And meanwhile the assisted NodeB sends the activation order since UE only monitors the HS-SCCHs from serving cell. An appropriate activation process is as follows:

· Activation (Figure 4)
The assisting NodeB requests the activation based on the low load, and then reports the decision to the assisted NodeB via RNC. Then the assisted NodeB sends an HS-SCCH order to UE for activation. After receiving the according ACK, the assisted NodeB informs the RNC to start MF-Tx.
With the above, the time of taking effect at network side is about 160 ms at least assuming no re-transmission and no data left in the data buffer, where 150 ms is consumed in the Iub communication and 10 ms is consumed in the air interface. The time of taking effect at UE side is 110 ms.
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Figure 4: Activation Process for Inter-NodeB MF-Tx
Proposal 5: Activation order is sent by the serving cell and the serving cell is informed of activation request by assisting serving cell through RNC in inter-NodeB MF-Tx activation.

3. Conclusion
In this contribution we discuss activation/deactivation of MF-Tx. Some proposals are presented:
Proposal 1: Introduce activation/deactivation of multiflow by dynamic control in L1 for intra-NodeB and inter-NodeB MF-Tx.

Proposal 2: If proposal 1 is agreed it is recommended that HS-SCCH order is used for dynamic control in L1.
Proposal 3: Keep the same HS-DPCCH format and timing when MF-Tx is activated or deactivated.
Proposal 4: For inter-NodeB MF-Tx, deactivation order is sent by assisting serving cell and UE sends a specific CQI (say CQI0) for the assisting serving cell in case that the assisting cell is deactivated..

Proposal 5: Activation order is sent by the serving cell and the serving cell is informed of activation request by assisting serving cell through RNC in inter-NodeB MF-Tx activation.
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