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1          Introduction

In 4C-HSDPA, the carriers can be allocated in up to two different bands.  For 4C-HSDPA operation over two bands, two receiver chains may be required, where one receiver chain is used for each band.  It is argued in [1] that energy savings can be achieved if the receiver chain corresponding to the secondary band (i.e. the band without the primary carrier) is switched off by deactivating all the secondary carriers in that band.  It is also proposed in [1] that the UE can switch off the secondary band autonomously during periods of low traffic activity.  This T-doc further investigates this proposed feature.
2          Discussion
In [1], when the UE enters CPC mode, a network configurable timer is started and upon its expiry, the UE will autonomously switch off all its secondary carriers in the secondary band.  This timer for the secondary band is reset if HS-SCCH and/or HS-PDSCH are received in any of the secondary carriers in this band, before it expires.  The HS-DPCCH format after the autonomous carrier deactivation shall reflect the number of active carriers.  That is the autonomously deactivated carriers shall be treated as if they were deactivated by HS-SCCH orders.
In [2] and [3], it is argued that HS-SCCH order is sufficient for UE energy saving.  Also, the introduction of additional timers imposes additional complexity to the NB [2].  Since the number of activated carriers can change autonomously in [1], the HS-DPCCH format can autonomously change.  This may cause the HS-DPCCH format to be out-of-sync between the NB and the UE as shown in Figure 1 and Figure 2.

Figure 1 shows a possible error, namely Error 1.  Here the UE starts its secondary band timer upon entering CPC.  During this time the NB sends an HS-PDSCH on a secondary carrier in the UE’s secondary band.  The UE receives the HS-PDSCH correctly and resets its secondary timer.  The HS-DPCCH is misinterpreted at the NB causing the NB to assume that the UE has not received the HS-PDSCH.  The NB then incorrectly thinks the secondary band timer expires and assumes that the secondary band is deactivated.  This causes the HS-DPCCH format to be out-of-sync between the NB and UE.

Figure 2 shows another possible error, namely Error 2.  Here the UE starts its secondary band timer upon entering CPC as before.  During this time the NB sends an HS-PDSCH on a secondary carrier in the UE’s secondary band.  The UE fails to receive the HS-PDSCH and in addition to this, the NB misinterprets the DTX as an ACK on the corresponding HS-DPCCH and wrongly assumes that the UE had reset its secondary timer.  When the UE secondary timer expires, the UE autonomously deactivates its secondary band and transmits HS-DPCCH for 2 carriers only.  Meanwhile the NB still assumes that there are 4 active carriers at the UE.  Hence, an out-of-sync in the HS-DPCCH format between NB and UE occurs.
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Figure 1: HS-DPCCH format out-of-sync Error 1
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Figure 2: HS-DPCCH format out-of-sync Error 2
Currently, only an error (similar to Error 1 and Error 2) in sending an HS-SCCH order can lead to the HS-DPCCH format being out of sync [4].  Error 1 and Error 2 occurring on HS-PDSCH transmission will usually lead to an RLC retransmission and will not cause the HS-DPCCH format to be out-of-sync.  However, with the introduction of autonomous deactivation of secondary carriers by the UE, an error in HS-PDSCH transmission such as those in Error 1 and Error 2 can lead to the HS-DPCCH format being out-of-sync.  Hence, the autonomous deactivation of secondary carriers by the UE gives another scenario where the HS-DPCCH format between the NB and UE goes out-of-sync.  The gated nature of the uplink DPCCH and CPICH during DRX/DTX degrades the channel estimation at the UE and NB, which increases the probability of Error 1 and Error 2.  It is shown in [5] that the HS-DPCCH format going out-of-sync causes disastrous consequences to 4C-HSDPA operation and hence, the chances of this happening should be minimised.
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Figure 3: Receiver inactivity against UE DRX cycle
In current CPC specification, the UE DRX cycle is between 4 to 20 subframes [6].  The percentage of time the UE receiver is inactive against UE DRX cycle is plotted in Figure 3.  Note that the receiver is 100% inactive if the UE receiver is deactivated.  In Figure 3, it is observed that majority of the energy saving (75% of receiver inactivity) is achieved using the minimum DRX cycle of 4 and that 90% of the receiver inactivity time when the DRX cycle is 10 and above.  Hence, the autonomous deactivation of secondary band proposed in [1] saves only a small percentage (less than 10% for DRX cycle > 10) of additional energy saving at the UE and this savings is only on the receiver serving the carriers in the secondary band.
If it is deemed necessary to save this additional percentage of UE battery life, the complexity at the NB and the increased possibility of the HS-DPCCH format getting out-of-sync can be avoided, if the UE sends a message to signal which secondary carriers that it wants to be deactivated.  The NB can then use the existing HS-SCCH order to deactivate the carriers requested by the UE.
3          Conclusion

Energy saving by means of autonomous secondary carrier deactivation by the UE is evaluated.  This feature increases NB complexity and increases the probability of the HS-DPCCH format getting out-of-sync between the NB and UE.  This can be avoided by getting the UE to send a request to the NB to deactivate its secondary carrier.  It is also shown that the additional energy saving that can be achieved is over existing CPC feature is less than 10%.  It is proposed that:
Proposal 1: Use existing HS-SCCH order to deactivate secondary carriers

Proposal 2: If the UE needs to deactivate the secondary carriers, it signals a request to the NB and the NB use HS-SCCH order to deactivate the requested secondary carriers.
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