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Decision
1. Introduction
RAN1 #46 in Tallinn decided in August 2006 about the solution for the work item (WI) "Continuous Connectivity for Packet Data Users" [1] and provided a corresponding Liaison Statement [2] to inform RAN WG2, WG3 and WG4 (cc: RAN).

RAN WG1 #46bis in Seoul in October 2006 endorsed a first set of RAN1 CRs to TS 25.211, TS 25.212 and TS 25.214 that were provided by an LS [3] to RAN2, RAN3 and RAN4 to give these working groups the chance to prepare their CRs for the November meetings in Riga.
Since the Seoul meeting intensive on- and offline email discussions took place to further enhance the wording of the CRs and to keep consistency between CRs of different RAN WGs with the goal to get the CR set for CPC agreed at Riga.
Status (on 17.11.2006 after the Riga meetings):

RAN1: The following CRs are agreed:
25.211:
CRs R1-062986 and R1-063153 (at Riga)
25.212:
CR R1-063014
25.214:
CR R1-063560 (at Riga)
RAN2:

25.308:
CR R2-063675 was agreed by email
25.321:
CR R2-063308 noted at Riga
25.331:
CR R2-063567 noted at Riga

RAN3:

25.423:
CR R3-061799 noted at Riga (ASN.1 text pending)
25.433:
CR R3-061798 noted at Riga (ASN.1 text pending)
RAN4:

No CRs so far but discussions about Tdocs R4-061160 & R4-061193:
· 25.101 UE requirements will probably be affected.

· 25.104: BS requirements (e.g. demodulation perfomance) will not be affected.
· 25.133: RRM requirements might be affected.
In order to update also TR 25.903 v1.1.0 [4] to the latest status this Tdoc is providing a corresponding text proposal about the selected solution for CPC/Continuous Connectivity for Packet Data Users.
2. Proposal
It is proposed to agree the text proposal of section 4 and to then update section 5 of TR 25.903 v1.1.0 [4] accordingly.
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4. Text proposal

-------------------------------------------------- TEXT OMITTED --------------------------------------------------

5.1
Overview of the selected solution


"Continuous connectivity for packet data users" as building block under the REL-7 feature "RAN improvements" was decided by RAN1 #46 to consist of the following UL & DL improvements:
· A new UL DPCCH slot format configurable by L3 in a semi-static way (based on section 4.1).
· UL DPCCH gating/discontinuous transmission (DTX) in 2 cycles (based on section 4.2) connected with a F-DPCH gating in DL and an implicit CQI reporting reduction in UL (see section 4.4)
· In DL: Discontinuous reception (DRX) at the UE (based on section 4.5).
· In DL: A so called HS-SCCH-less operation which includes an HS-SCCH less initial transmission and modified HS-SCCH for retransmission(s) (based on section 4.8).
Note 1:
The referenced subsections of section 4 indicate the ideas that were taken into account but they do not necessarily describe the concepts exactly as they were introduced in the final solution as described in section 5.
Note 2:
The building block "Continuous connectivity for packet data users" under the REL-7 feature "RAN improvements" is in the following abbreviated as "CPC solution" (CPC: continuously packet connected or continuous packet connectivity).
The following summary provides an overview about the CPC solution as introduced in the REL-7 specifications (for more detailed description please refer to the corresponding CRs).
The CPC solution:
· is mandatory to be implemented in all FDD UEs of REL-7 and above supporting HSDPA/E-DCH (even though the actual shutting off of the UE receiver remains an UE implementation issue);
· is configurable on a per UE basis by the SRNC i.e. the SRNC can enable the CPC solution or parts of it for each UE individually provided the corresponding Node B supports it;
· can only be applied to FDD UEs in CELL_DCH state provided that F-DPCH but no DCH in UL and DL is configured for this UE (i.e. SRBs have to be mapped to HS-DSCH)
· is divided into three parts:
1. new UL DPCCH slot format

2. DTX/DRX at UE (linked with DTX of F-DPCH at Node B)

3. HS-SCCH less-operation

These 3 parts could in theory be configured by the RNC independently from each other as well as in combination. In the specifications one limitation was introduced: 1. can only be applied in connection with 2.
· allows to reduce UL (esp. UL DPCCH, CQI) and DL (esp. HS-SCCH, F-DPCH) control signalling for temporarily inactive packet data users that can get active again in a short time period (<50ms). This helps to increase the number of packet data users in CELL_DCH as well as to increase the time that these users can stay in CELL_DCH state (due to increased battery life time as well as lower control signalling overhead on the air interface).
5.1.1 New UL DPCCH slot format
This part of the CPC solution introduces a new uplink DPCCH slot format which increases the number of TPC bits for power control from 2 to 4 allowing for a trade off between increased power control reliability and reduced UL DPCCH transmit power. As there is no UL DCH and no FBI field is used, the number of pilot bits is then 6 (instead of 8).
This new UL DPCCH slot format can be configured and reconfigured per UE by the SRNC.
5.1.2 Discontinuous transmission and reception in CELL_DCH
This part of the CPC solution can be divided into 2 subparts:
· Discontinuous uplink DPCCH transmission (in the following abbreviated UL_DTX/DTX at UE)

· Discontinuous downlink reception (in the following abbreviated DL_DRX/DRX at UE).
UL_DTX can be applied independently from DL_DRX but DL_DRX is only applied if also UL_DTX is applied.
As soon as the feature UL DTX an/or DL DRX is enabled by the SRNC and a time CPC_enabling_delay (given by higher layers in 10ms radio frames; this period allows synchronisation and power control stabilisation) has passed the UE and Node B(s) apply UL DTX and/or DL DRX based on standardized rules.
For UL DTX and DL DRX corresponding parameters for these rules are configured by the SRNC:

via RNSAP/NBAP in the Node B and via RRC in the UE.

UL DTX allows an autonomous reduction of UL DPCCH transmissions in the UE depending on how often EDCH and HS-DPCCH transmissions in UL occur. This mechanism is under control of the network by standardized rules whose paramters are configured in the RNC.
Two different cycles of discontinuous UL DPCCH transmission have to be distinguished for a UE applying UL DTX:
· UE_DTX_cycle_2 (=time period in subframes) which is ≥UE_DTX_cycle_1
· applied if no E-DCH transmissions in UL occured within the last Inactivity_Threshold_for_UE_DTX_cycle_2 (=time period in E-DCH TTIs);
· creates UL DPCCH transmission pattern 2: UL DPCCH transmitted for UE_DPCCH_burst_2 subframes and no UL DPCCH for the rest of the period UE_DTX_cycle_2
· UE_DTX_cycle_1 (=time period in subframes)

· applied if UE_DTX_cycle_2 is not applied;
· creates UL DPCCH transmission pattern 1: UL DPCCH transmitted for UE_DPCCH_burst_1 subframes and no UL DPCCH for the rest of the period UE_DTX_cycle_1.
Both cycles start at the same time and cycle 2 is configured to be a multiple of cycle 1. A UE specific offset UE_DTX_DRX Offset (in subframes) can be configured to distribute discontinuous transmissions of different users in the time domain.
With these 2 UL DPCCH patterns the overhead of UL DPCCH can be controlled by a rule (known by UE and Node B):

UL DPCCH is only transmitted if at least one of the following has to be transmitted:
· HS-DPCCH (ACK/NACK/CQI) or
· EDCH or

· an UL DPCCH burst of a UE_DTX_cycle_1 or an UL DPCCH burst UE_DTX_cycle_2 or
· an UL DPCCH preamble (2 slots) or UL DPCCH postamble (1 slot).

The UL DPCCH preamble is used directly before an HS-DPCCH or EDCH or UL DPCCH bursts of UE_DTX_cycle_1/UE_DTX_cycle_2 if there was no HS-DPCCH or EDCH transmission there. The preamble helps for UL DPCCH power setting as UL DPCCH power is kept on hold during transmission gaps. In addition a one slot postamble of UL DPCCH is following after a period of UL DPCCH transmissions which is followed by a period of no UL DPCCH transmissions.
When returning from UE_DTX_cycle_2 to UE_DTX_cycle_1 because of new EDCH data to be transmitted after some period of no EDCH transmission (>Inactivity_Threshold_for_UE_DTX_cycle_2 TTIs) it is also possible to use a long preamble (of 15 slots), if configured.

As UL DTX reduces UL DPCCH transmissions which are also used for determining power control commands on F-DPCH in DL, the Node B is not required to transmit F-DPCH in those gaps of UL DPCCH transmission ("DL F-DPCH gating"). Sothe UE only receives the TPC commands on F-DPCH corresponding to actually transmitted UL DPCCH slots.
During UE_DTX_cycle_1 a count down timer (going from a configurable value CQI_DTX_TIMER down to 0 in subframes) controls when CQI reports on HS-DPCCH are sent:
· either CQI reports shall be sent on HS-DPCCH according to REL-6 CQI feedback cycle
(this case is called "CQI_DTX_Priority=1" and applies before timer expires at 0),
· or CQI reports on HS-DPCCH have to fall into UL DPCCH bursts of UE_DTX_cycle_1 to be carried out (this case is called "CQI_DTX_Priority=0" and applies after the timer has expired at 0).
The timer is reset to CQI_DTX_TIMER every time an HS-SCCH (no HS-SCCH order) was received with consistent control information or HS-PDSCH was received correctly.
Note: When UL DTX is enabled by higher layers for a specific UE then also its CQI feedback pattern is offset by UE_DTX_DRX Offset (in subframes) in the same way as the UL DPCCH transmission patterns. The CQI feedback cycle remains unchanged compared to the case where no UL DTX is applied.
In addition to UL DTX there is an option UL DRX/DRX at the Node B which allows the Node B to safe resources (e.g. for processing) by restricting on MAC level the starting points of new UL data transmissions (after inactivity) of a UE:
If no E-DCH transmission has been performed for the time UE_Inactivity_Threshold (in TTIs) the E-TFC selection in the UE will be restricted to cycles given by MAC_DTX_Cycle. This restriction of starting points of UL EDCH transmissions is time offset by the same UE_DTX_DRX_Offset (in subframes) as already known from UL DTX in order to allow that the UL EDCH transmissions fall together with UL DPCCH bursts.
DL DRX allows the UE to predict when it has to listen to DL transmissions from the Node B in order to safe UE power and increase its battery life time. This mechanism is also based on standardized rules and uses parameters configured by the RNC. Note: Even when configured the UE is not forced to receive discontinuously.
For Inactivity_Threshold_for_UE_DRX_cycle subframes after an HS-SCCH reception or after the first slot of an HS-PDSCH reception the UE has to monitor HS-SCCH of its HS-SCCH set and HS-PDSCH (if HS-SCCH less mode is applied in parallel) continuously.

In addition the parameter UE_DRX_cycle (in subframes) determines an "HS-SCCH reception pattern": The UE must listen to one HS-SCCH sub-frame (and the corresponding HS-PDSCH if HS-SCCH received successfully or if HS-SCCH less mode is applied in parallel) every UE_DRX_cycle sub-frames. The HS-SCCH reception pattern can be offset for different UEs by a UE dependent UE_DTX_DRX_Offset (same parameter as for UL DTX).
Note: The Node B scheduler has to take into account the times at which a UE can receive HS-SCCH/HS-PDSCH.

In addition the UE has to listen to
· DL E-HICH corresponding to an UL E-DCH;
· if UE_DRX_Grant_Monitoring = TRUE:
E-AGCH from serving cell and E-RGCH transmissions from cells in the serving E-DCH radio link set when they overlap with the start of an HS-SCCH reception pattern;
· DL E-AGCH from serving cell and DL E-RGCH(s) from all the cells in the E-DCH active set
· if overlapping with E-HICH;
· if sent within Inactivity_Threshold_for_UE_Grant_Monitoring subframes after an E-DCH scheduled transmission;
· if at least one MAC-d flow is configured with a scheduled transmission and TEBS > 0 (TEBS: Total E-DCH Buffer Status).
The Node B has a fast L1 mechanism to force the UE back to continuous UL DPCCH transmissions and continuous DL receptions as in REL-6: HS-SCCH orders.

· Node B can deactivate (or reactivate) UL DTX or DL DRX operation for a specific UE by a L1 command sent on an HS-SCCH of type 2 without an associated HS-PDSCH.
· HS-SCCH orders ('111101') can be distinguished from HS-SCCH less operation ('111110') by its special information type bit combination.
· These HS-SCCH orders are used in exceptional cases (e.g. danger of losing a connection to a UE).
Normally the UE will stay in the configured UL DTX/DL DRX mode until it is reconfigured and this allows the benefits of continuous operation as in REL-6 as well as discontinuous operation by autonomously applied standardized rules, i.e. without further signalling.
E.g. transmission gaps between packets of a VoIP call as well as speech pauses in between can all be handled as well as a continuous file transfer without a reconfiguration.
· If received correctly by the UE an ACK is sent in the corresponding HS-DPCCH ACK field.
5.1.3 HS-SCCH less operation

This part of the CPC solution is introducing a new HS-SCCH type 2 format (compared to the HS-SCCH type 1 as in REL-6) as well as a new CRC attachment method 2 for HS-DSCH and it is reducing the DL HS-SCCH overhead for lower data rate services that can be operated with just 4 predefined transport block formats for MAC-hs PDUs (special focus: VoIP users).
If HS-SCCH less operation is combined with
· either UL_DTX
· or UL_DTX & DL_DRX
further restrictions regarding the timing of DL HS-SCCH & HS-PDSCH & F-DPCH as well as UL DPCCH, HS-DPCCH have to be taken into account by the scheduler in the Node B as well as by the UE.
The main characteristics of HS-SCCH less operation are:

· 'HS-SCCH less mode' is configured per UE (not per HS-SCCH) by the SRNC by prescribing 1 or 2 HS-PDSCH channelization codes and corresponding up to 4 MAC-hs transport block sizes that have to be used if HS-SCCH type 2 is used.
These settings are semi-static, i.e. they can be reconfigured.
Note: 'HS-SCCH less mode' configured for a UE allows the usage of HS-SCCH less operation, i.e. HS-SCCH type 2/CRC attachment method 2 for this UE. It does not mandate it. This means the UE also continues to attempt reception of the legacy HS-SCCH type 1.
· As in REL-6 the UE has to monitor up to 4 HS-SCCHs but whether HS-SCCHs of type 1 (as in REL-6) or type 2 (as for HS-SCCH less operation) are used is up to the Node B and is autonomously detected by the UE. The only limitation is that if the first transmission of a transport block is using a HS-SCCH type x (x: either 1 or 2) also all retransmissions of this transport block have to use the same HS-SCCH type x.
· Operating with HS-SCCH type 2 is characterized by
· An initial HS-PDSCH transmission has no associated HS-SCCH. The UE:

· knows the channelization code of the HS-PDSCH via RRC from the SRNC (modulation of HS-PDSCH is fixed to QPSK),
· has to blindly decode on the up to 2 HS-PDSCH codes with 4 possible transport formats (configured by the SRNC),
· detects whether HS-PDSCH is dedicated to this UE (UE-Id) from an introduced new 24bit CRC of HS-PDSCH (CRC attachment method 2).
· successful detection is answered by an ACK from the UE (in unsuccessful case no NACK is sent).
· The retransmission (max. 2 are possible) has an associated HS-SCCH of type 2 which informs the UE about:

· HS-PDSCH channelization code (up to max. 2) and modulation (QPSK)

· whether associated HS-PDSCH is dedicated to this UE (UE identity)
· transport block size (1 out of the configured 4) so no blind decoding
· whether this is the first or second retransmission

· a pointer to the previous HS-PDSCH transmission of the same transport block (pointing 6..13 subframes before the start of this HS-PDSCH transmission);
the UE uses a so called 13 TTI long "cyclic soft buffer" to store and combine up to 3 HS-PDSCH transmissions
The UE answers on HS-DPCCH with ACK or NACK in the same way as for HS-SCCH type 1.
· Apart from the information above same timing of HS-SCCH, HS-PDSCH, HS-DPCCH as in REL-6.
5.2
Impact on RAN1 specifications


TS 25.211 REL-7:

· Introduction of the new slot format and terminology of subframes.
TS 25.212 REL-7:

· Addition of new CRC attachment method 2 for HS-DSCH to be used in connection with HS-SCCH type 2.
· Addition of new HS-SCCH type 2 format to be used for:

· HS-SCCH format type 2 for retransmissions.

· HS-SCCH orders: L1 commands to activate/deactivate DTX and/or DRX at the UE.
TS 25.214 REL-7:

· Synchronisation and power control aspects of discontinuous uplink DPCCH transmission.

· Operation of discontinuous transmission (DTX) and reception (DRX) procedures for CELL_DCH.

· Details of HS-SCCH less operation and Node B procedure for transmitting HS-DSCH.
5.3
Impact on RAN2 specifications


<Editor's note: Text in this section is based on:
- agreements to R2-063675 for TS 25.308,
- not yet agreed CRs R2-063308 for TS 25.321 and R2-063567 for TS 25.331 which were updated over a few RAN2 meetings #54, #55 and #56.
This section will be updated as soon as RAN WG2 CRs are agreed.>
TS 25.308 REL-7: Note:All changes apply to FDD only.
· Summary of 
· discontinuous UL transmission (with the option of UL DRX at the Node B) and discontinuous DL reception
· HS-SCCH-less HS-DSCH transmission
· usage of new UL DPCH slot format
TS 25.319 REL-7:

· Although E-DCH is impacted by the CPC solution RAN2 decided to only cover CPC changes in TS 25.308.
TS 25.321 REL-7: Note:All changes apply to FDD only.
· New parameters for primitives between MAC and RRC

· HARQ procedure for HS-SCCH less operation
· Impact on E-TFCI selection on MAC at UE for UL DRX at Node B
· Impact of buffer status for monitoring E-AGCH, E-RGCH for scheduled E-DCH transmissions
TS 25.331 REL-7: Note:All changes apply to FDD only.
· CPC_DTX_DRX_STATUS variable and corresponding actions

· CPC_HS_SCCH_LESS_STATUS variable and corresponding actions
· Parameters for UL DTX and DL DRX operation (new variable CPC_DTX_DRX_PARAMS)
· Paramters for HS-SCCH less operation (new variable CPC_HS_SCCH_LESS_PARAMS)
· CPC parameters added to the following messages:

1) ACTIVE SET UPDATE

2) CELL UPDATE CONFIRM

3) PHYSICAL CHANNEL RECONFIGURATION

4) RADIO BEARER RECONFIGURATION

5) RADIO BEARER RELEASE

6) RADIO BEARER SETUP

7) RRC CONNECTION SETUP

8) TRANSPORT CHANNEL RECONFIGURATION

· Extension of CQI feedback cycle
· UL DPCH: slot format #4 not applicable if CPC_DTX_DRX_STATUS is FALSE
· CPC timing information added (CPC_Enabling_Delay, UE_DTX_DRX Offset)
· constant maxHS-SCCHLessTrBlk = 4 to limit transport block sizes for HS-SCCH less operation
· ASN.1 text
5.4
Impact on RAN3 specifications


<Editor's note: Text in this section is based on:
- not yet agreed CRs R3-061799 for TS 25.423 and R2-061798 for TS 25.433, the later was updated since #53 in August.
This section will be updated as soon as RAN WG3 CRs are agreed.>

TS 25.423 REL-7: Note:All changes apply to FDD only.
· Procedure text added to

· Radio Link Addition
· Synchronised Radio Link Reconfiguration Preparation
· Unsynchronised Radio Link Reconfiguration
· CPC parameters added to the following messages:
· RADIO LINK SETUP REQUEST
· RADIO LINK SETUP RESPONSE
· RADIO LINK SETUP FAILURE
· RADIO LINK RECONFIGURATION PREPARE
· RADIO LINK RECONFIGURATION READY
· RADIO LINK RECONFIGURATION REQUEST
· RADIO LINK RECONFIGURATION RESPONSE
· Continuous Packet Connectivity DTX-DRX Support Indicator and Continuous Packet Connectivity HS-SCCH less Support Indicator added to Cell Capability Container FDD
· Information Elements updated for CPC HS-SCCH less operation:

· HS-DSCH Serving Cell Change Information
· HS-DSCH Serving Cell Change Information Response
· New Information Elements introduced for CPC:

· Continuous Packet Connectivity DTX-DRX Information
· Continuous Packet Connectivity DTX-DRX Information To Modify
· Continuous Packet Connectivity HS-SCCH less Information table
· Continuous Packet Connectivity HS-SCCH less Information Response
· ASN.1 text (pending)
TS 25.433 REL-7: Note:All changes apply to FDD only.
· Procedure text added for

· Audit
· Resource Status Indication
· Radio Link Setup
· Radio Link Addition
· Synchronised Radio Link Reconfiguration Preparation
· Unsynchronised Radio Link Reconfiguration
· CPC parameters added to the following messages:
· AUDIT RESPONSE
· RESOURCE STATUS INDICATION
· RADIO LINK SETUP REQUEST
· RADIO LINK SETUP RESPONSE
· RADIO LINK SETUP FAILURE
· RADIO LINK RECONFIGURATION PREPARE
· RADIO LINK RECONFIGURATION READY
· RADIO LINK RECONFIGURATION REQUEST
· RADIO LINK RECONFIGURATION RESPONSE
· Information Elements updated for CPC:
· HS-DSCH Serving Cell Change Information
· HS-DSCH Serving Cell Change Information Response
· New Information Elements introduced for CPC:

· Continuous Packet Connectivity DTX-DRX Capability
· Continuous Packet Connectivity HS-SCCH less Capability
· Continuous Packet Connectivity DTX-DRX Information
· Continuous Packet Connectivity DTX-DRX Information To Modify
· Continuous Packet Connectivity HS-SCCH less Information
· Continuous Packet Connectivity HS-SCCH less Information Response
· ASN.1 text (pending)
5.5
Impact on RAN4 specifications


<Editor's note: Text in this section is based on discussions about R4-061160 and R4-061193.
This section will be updated as soon as RAN WG4 CRs are agreed.>

TS 25.101 REL-7:
It is very probable that changes to this specification will be needed.
· areas to be checked: UL/DL power control, transmit off power, transmit on/off time mask, out-of-sync detection, blind demodulation of HS-DSCH, additional demodulation of new HS-SCCH format type 2.
TS 25.133 REL-7:
Whether this specification is affected is ffs.
· UL DPCCH transmission power changes due to CPC may impact "6.4 Transport format combination selection in UE".
· UE measurement performance for "9.1.6 UE Transmitted power" may be impacted.
· UE measurement performance for "9.1.13 UE Transmission power headroom " may be impacted.
-------------------------------------------------- TEXT OMITTED --------------------------------------------------
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