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1 Introduction

This document introduces a solution for “Continuous Connectivity for Packet Data Users” item. The feature of the solution is that when no service data is available, the packet data user enters the HSPA silent mode. No signal, including UL DPCCH and DL F-DPCH, is transmitted in the HSPA silent mode, thus saves the air interface resources to the extreme. The subsequent problems of power control and RL out-sync detection are also mentioned and analysed.
2 Technical description of the proposed solution
2.1 Status Machine Description
2.1.1 General description
As a whole, UE has 4 statuses in RRC connected mode, which are URA_PCH, CELL_PCH, CELL_DCH, and CELL_FACH, as shown in Fig1.
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Fig1. Status machine for RRC connected mode
Specifically, for a HSPA packet data user in CELL_DCH status, it has two modes, which are HSPA active mode and HSPA silent mode, as shown in Fig2. 
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Fig2. Status machine for CELL_DCH of HSPA packet user
2.1.2 HSPA active mode to HSPA silent mode
When NodeB containing the HSDPA serving cell and HSUPA serving cell detects that there is no data for both DL and UL for a period of time, that is, the HSDPA queue is empty, no DL data is received from RNC, and no valid E-DPCCH is detected in UL, NodeB triggers the HSPA active mode to HSPA silent mode through the HS-SCCH signalling, and this procedure is confirmed by UE through an ACK in HS-DPCCH. The HS-SCCH signalling could be a special TBS value of HS-SCCH. To simplify the procedure, it is proposed that HSDPA serving cell and HSUPA serving cell always keep the same.
UE and NodeB enters HSPA silent mode after UE sends out ACK and NodeB received ACK respectively. If the ACK is not detected correctly, the HS-SCCH signalling will be send again till an ACK is received.
2.1.3 HSPA silent mode to HSPA active mode
The transfer from HSPA silent mode to HSPA active mode could be initiated by both NodeB and UE. 
When NodeB has some data to send, it sends data using HS-SCCH and HS-PDSCH. At the UE side, when UE detects the HS-SCCH signal, it starts transmitting UL signals, thus the HSPA silent mode is finished. 
The other situation is when UE has some data to send, it starts transmitting immediately. After NodeB successfully detects the DPCCH or E-DPCCH signal, NodeB will start transmitting DL signals, which is F-DPCH, and send ACK/NACK response using E-HICH, and then the HSPA silent mode is finished.
2.2 HSPA Silent Mode
2.2.1 Physical layer features
During HSPA silent mode, no dedicated signal is transferred for both UL and DL. UE and NodeB should remember the last transmitting power before they enter the HSPA silent mode. The initial power when transmitting is restored could be calculated by the following formulas: 
PDPCCH = PDPCCH, last +△RTWP + △CPICH RSCP
PF-DPCH = PF-DPCH, last + △power
Where PDPCCH and PF-DPCH denote initial power of UL DPCCH and DL F-DPCH, PDPCCH, last and PF-DPCH, last denote the last power of UL DPCCH and DL F-DPCH before entering HSPA silent mode, △RTWP and △CPICH RSCP denote the change of RTWP and CPICH RSCP, and △power is a configurable parameter.
2.2.2 Power control

During HSPA silent mode, UE should always monitor the strength of CPICH RSCP. When the change of CPICH RSCP strength is above a certain threshold, UE will trigger the power control restore procedure.
UE starts transmitting UL DPCCH signals. When NodeB detects DPCCH signal, it starts transmitting F-DPCH. After NodeB finds that the inner loop power control has converged, it triggers the status to HSPA silent mode using HS-SCCH signaling again. PDPCCH, last and PF-DPCH, last are updated after power control restore procedure.
Some details are FFS, e.g., the necessary of CQI update and slow power control.
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Fig3. Power Control Restore Procedure

2.2.3 RL out-Sync detection

In HSPA silent mode, no physical layer out-sync detection is available because no dedicated channel is transmitted. However, it won’t be a big trouble for HSPA silent mode.
Firstly, HSPA silent mode is only used for a temporary period. When the network detects no service data for a rather long time, e.g., 1 minute or 10 minutes, it will transfer the CELL_DCH status to other more appropriate status, e.g., CELL_FACH status.
Secondly, the RL out-sync detection could be done accompany with the following events:
1. When NodeB try to trigger the HSPA silent mode to HSPA active mode, but receives no response from UE anyway, a RL_OUTSYNC signaling could be reported to RNC and release the old RRC connection.
2. When UE try to trigger the HSPA silent mode to HSPA active mode, but receives no response from NodeB anyway, UE will use the RACH to release the old RRC connection.
3. When UE try to sync with the network in HSPA silent mode, but the procedure could not be finished anyway, UE will use the RACH to release the old RRC connection.
3 Conclusion

In HSPA silent mode, no dedicated channel is transmitted, thus saved the air interface resources to the extreme for both UL and DL. The subsequent problems of power control and RL sync detection are also mentioned and analysed. In the situation similar to DSL applications, this technology is expected to increase the number of HSPA packet user in CELL_DCH status largely.
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