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1
Introduction

It was decided in RAN1 to have the same DRX mode for both carriers for DC-HSDPA in Rel.8. The decision was carried forward for the case of Dual-Band DC-HSDPA as well. In this document, we motivate UE based de-activation of the secondary carrier in Dual-Band HSDPA. 
The recommended procedure is outlined and is based on the triggering of DRX in a UE and is in accordance with Rel.7 CPC procedures. The impact of UE battery life is also presented along with an analysis of the impact of the delay encountered when the secondary carrier is re-activated. 
2
Background
In RAN WG1 #54, it was decided that the DRX mode would be common for both carriers in DC-HSDPA operation. There did not appear to be tangible benefits for entertaining different DRX states for DC-HSDPA operation. Since the UE has a single receive chain for DC-HSDPA (see [4]), specifying different DRX cycles for the two carriers would not have resulted in any additional battery savings. This is especially true when joint scheduling and joint queuing is employed. Additionally, complexity is reduced if the same DRX cycle is followed by both downlink carriers. 
This decision was carried forward in Rel.9 for Dual Band DC-HSDPA. In [1], a DRX based deactivation scheme was proposed in order to obtain battery life savings. In this document, an identical proposal is made for Dual Band DC-HSDPA. In the following sections, the proposed scheme is outlined along with additional data on battery life savings that can be obtained by adopting the scheme.
3
Motivation
The UE has two receive chains in the case of Dual-Band operation (see [5]). Therefore, shutting down the second receive chain would yield appreciable battery savings when data is not being received. 

3.1
Battery Life Savings

We compare battery life savings in the UE for the following cases:

· Single Carrier Operation

· Single Carrier Operation with Rx diversity 

· Single Carrier Operation with CPC – different DRX cycles

· Dual Band Operation

· Dual band Operation with Rx Diversity

· Dual Band Operation with CPC – different DRX cycles

Table 1 shows the relative battery life savings for the cases considered.

Table 1: Comparison of Gains in Battery Life for SC-HSDPA and DB DC-HSDPA with and without DRX-based de-activation of the secondary carrier

	
	SC
	SC+Rx Div
	DB
	DB + Rx Div

	No CPC
	0%
	-12%
	-17.4% vs SC
	-32.1% vs SC
	-17.9% vs DB

	DRX Cycle
	
	
	Rel. 9 DRX
	2nd Carrier off
	Rel. 9 DRX
	2nd Carrier off

	4
	22.7%
	10.4%
	29.1%
	48.6%
	33.3%
	62.6%

	8
	32.7%
	24.0%
	48.5%
	60.6%
	62.6%
	82.7%

	16
	33.8%
	25.6%
	55.6%
	62.0%
	74.1%
	85.0%

	5
	29.4%
	18.3%
	39.0%
	56.7%
	46.6%
	74.3%

	10
	38.2%
	30.6%
	56.7%
	67.3%
	74.2%
	92.4%

	20
	39.2%
	31.9%
	62.9%
	68.4%
	84.7%
	94.4%

	
	Gains over SC without CPC
	Gains over DB without CPC
	Gains over DB+Rx Div 

without CPC


Table 1 shows that the gains in battery life, through deactivating the second carrier in DB operation, range from 5.5% to almost 20% for some typical DRX cycle settings. We consider these gains to be significant and provide ample justifications for adoption of schemes that enable shutting down the second receive chain when no data is being received. 
4
DRX Operation for DB-HSDPA
In this section, we outline a scheme for deactivation of the secondary carrier so that the second receive chain can be turned off when necessary while also ensuring minimal impact to system operation.
In the current CPC procedures, the UE enters DRX state upon expiry of the Inactivity_Threshold_for_UE_DRX_cycle timer and no data has been received during that time. In DC-HSDPA operation, both carriers would enter DRX state and employ identical DRX cycles. 
For Dual-Band DC-HSDPA, the proposed scheme is outlined in the following

· The secondary carrier is de-activated as soon as the UE enters DRX state. Therefore, the UE would follow the DRX cycle only on the primary carrier, whilst the secondary carrier is turned off. Figure 1 illustrates this operation. Note that, in the case of 4C-HSDPA, all the secondary carriers in the second band (band not containing the primary carrier) are de-activated.
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Figure 1: Block diagram depicting the DRX based deactivation of a secondary carrier. It is assumed that the secondary carrier is situated on a different band.
· Upon reception of data on the primary carrier (or on any of the carriers in the same band in the case of 4C-HSDPA), the UE exits DRX mode and re-starts the Inactivity_Threshold_for_UE_DRX_cycle timer. 
· The secondary carrier would also be activated upon data reception unless it has been explicitly de-activated by an HS-SCCH order. In the case of 4C-HSDPA, all the carriers on the second band are activated except the ones that have been explicitly de-activated by an HS-SCCH order. 

· The activation time for the secondary carrier is considered to be similar to the activation time experienced by the UE upon reception of an HS-SCCH order. 

· The NodeB could begin scheduling data on the secondary carrier after a pre-specified activation time. Alternatively, the NodeB could wait for the reception of CQI reports on the secondary carrier to schedule transmissions on that carrier.

· This scheme is also applicable to 4C-HSDPA. The motivations and battery life savings that are presented also hold for 4C-HSDPA. It is recommended that the proposed scheme is adopted for both Dual Band operation in Rel.9 as well as well as 4C-HSDPA. In [3], a CR for 25.214 is also presented which contains the changes that would be needed in Rel.9 to specify DRX based deactivation.
5
CQI reports

When the UE enters DRX mode and de-activates the secondary carrier, signal quality measurements would not be made for CQI reporting purposes. 

Therefore, it is proposed that a NULL CQI value is reported for the secondary carrier for as long as the UE is in DRX mode. In the case of 4C-HSDPA, the NULL CQI value is reported for all the secondary carriers on the second band.
When the UE exits DRX mode, the CQI reporting reverts back to normal operation. 

6
Interaction with HS-SCCH orders

In Dual Band HSDPA and in Dual Band 4C-HSDPA, HS-SCCH orders are used for activation and deactivation of secondary carriers. There are potentially several reasons as to why the network would choose to activate or deactivate carriers.

· If the UE is headroom limited, the NodeB may choose to deactivate one or more carriers to conserve link budget on the uplink by reducing transmit power required for HS-DPCCH transmissions.

· The NodeB may activate and de-activate carriers to facilitate load balancing on the downlink and manage interference. 

The current usage of HS-SCCH orders will not be affected by the UE being in DRX mode and deactivating the secondary carrier. However, it is important to note that the objectives that govern the use of HS-SCCH orders are not battery life savings as such. This is another reason to allow for implicit de-activation/activation of secondary carriers.
If the UE has de-activated secondary carrier(s) in DRX mode, it can still receive an HS-SCCH order on the primary carrier (carriers on the primary band in the case of 4C-HSDPA) to de-activate the secondary carrier(s). The effect of this order would be to switch the CQI reporting format to accommodate only the active carrier. The secondary carrier(s) that is deactivated implicitly by the UE is still considered active as it pertains to HS-SCCH orders.

Carrier(s) that are explicitly deactivated by an HS-SCCH order will remain de-activated even after the UE exits DRX mode and begins receiving data. The HS-SCCH order would take precedence over DRX based activation/de-activation of secondary carrier(s). 
Note also that DRX based activation/de-activation of the secondary carrier would efficiently use system resources on the downlink, while providing battery life savings to the UE, as the NodeB would not have to frequently transmit HS-SCCH orders for activation/de-activation. 

7
Call Flow Analysis

As mentioned in Section 4, the UE enters DRX mode and deactivates the secondary carrier (carriers in the second band in the case of 4C-HSDPA) after the expiry of the inactivity timer. The UE then exits the DRX mode upon reception of data on the primary carrier (one of the carriers in the primary band in the case of 4C-HSDPA). 

When the UE exits DRX mode, the de-activated carrier is activated and is ready to receive data. This requires a pre-determined activation time which could be used by the NodeB scheduler. In Rel.8, this activation time was specified to be 12 slots. As a consequence, there may be some concerns about the small delays caused and the impact on the ability of the NodeB to schedule data on the secondary carrier(s).
Figure 2 shows the call flow analysis for TCP connection setup.
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Figure 2: TCP connection setup: Call flow analysis
From Figure 2, we note that

· If a TCP connection is not already set up and data fits in 1 TCP packet

· Delay = A (~100 ms) + B (~100 ms), assuming RTT to server ~ 100 ms

· If a TCP connection is not already set up and data requires more than 1 TCP packet

· Delay = A (~100 ms) + B (~100 ms) + C (~100 ms or more)

· If a TCP connection is already set up, then remove the time for A from the above delays

· Even if a TCP connection is already set up and the data response fits in 1 TCP packet, the delay to receive a response is ~ 100 ms
In contrast with the above delays, activating a secondary carrier has an interruption time of 12 slots ~8ms. Therefore, as a percentage of the total delay from sending the request to receiving the response, this interruption time is considered to be insignificant and would not cause an impact to system operation and user experience from in terms of delay and throughput.

8
Error Events

Error events occur when the NodeB and the UE are out of sync regarding the state of activation of secondary carrier(s). There are two types of error events that may potentially occur due to this scheme.
· The NodeB is unaware of the UE’s deactivation of the secondary carrier(s).

This event occurs when the UE misses HS-SCCH transmissions on the downlink on the primary carrier and the NodeB has a false alarm on the uplink. This event is equivalent to the error event case that occurs when an HS-SCCH order for de-activation is transmitted. The probability of this event is low since both the UE and NodeB have to commit errors that individually occur with low probabilities. Furthermore, this event is detectable at the NodeB since the CQI reports would convey a NULL CQI corresponding to the de-activated secondary carrier(s). 

· The NodeB considers that the secondary carrier is de-activated while the UE does not

This event occurs when the UE mistakenly detects an HS-SCCH transmission on the downlink. This event is extremely rare due to the CRC on the HS-SCCH. There is also no impact to the system operation as a whole since the UE would eventually de-activate the secondary carrier(s) if no further data is received.

It is considered that the error events that may occur due to DRX-based activation/de-activation are low probability events and do not pose a risk to system operation.
9
Conclusions

In this document, a proposal for DRX based de-activation of the secondary carrier in Dual Band DC-HSDPA operation is presented. The primary motivation for the proposal is the significant battery savings that can be obtained by turning off the secondary receive chain during lulls in data transmissions. It is proposed that RAN WG1 discuss the merits of this proposal and agree on a way forward.
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