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1. Introduction
RAN1 has been working on a number of features to improve the support for continuous packet connectivity (CPC) [1]. Although the final details of CPC have yet to be completed and approved, we believe that the RAN1 specification work[2,3.4] is sufficiently mature to enable RAN4 to start planning the additional performance requirements that may be necessary to support continuous packet connectivity. In this contribution we present a short overview of the CPC related features and functionalities and give some initial considerations on the impact of these to RAN4 specifications.
2. Brief Overview of Continuous Packet Connectivity

Continuous packet connectivity introduces the following new features to FDD WCDMA layer 1 specifications:
A. Discontinuous uplink transmission with DPCCH gating (DTX)
During periods of uplink inactivity, the uplink DPCCH transmission is gated using a DTX cycle. Two different DTX cycles are defined – DTX cycle 1, which is used during short E-DCH transmission inactivity and may, for example be matched to VOIP packet transmission schedule and DTX cycle 2 which may be longer than DTX cycle 1 and is used during periods of greater inactivity.
B. Discontinuous uplink reception is allowed but not mandated

After a period of inactivity, the node-B is allowed to receive the uplink from a particular UE discontinuously. This means that the node B could flexibly share resources between users. This is enabled by applying restrictions to E-DCH transmission start time after inactivity.
C. A new DPCCH slot format is introduced

This has Npilot=6 and NTPC=4. The slot format is defined and used similarly to other existing slot formats.
D. Reduced CQI reporting from the UE is introduced

This is connected to the DPCCH gating, and means that after a period of inactivity on the HS-DSCH the UE may be configured to not to transmit CQI reports when the DPCCH gating pattern indicates a transmission gap.
E. Discontinuous F-DPCH transmission is allowed on the downlink in slots corresponding to uplink DPCCH 

From a UE perspective, this creates a requirement that the F-DPCH slots corresponding to a UL DPCCH transmission gap must not be used for UL power control or for F-DPCH quality measurements for out-of-synch detection or for F-DPCH outer loop power control.
F. Discontinuous downlink reception is allowed but not mandated
After a period of inactivity, the UE is allowed to receive the downlink discontinuously. This would allow the UE to disable the downlink reception.

G. HS-SCCH less operation on the downlink

In this mode of operation, first transmissions on the HS-DSCH occur without a corresponding transmission on the HS-SCCH. Retransmissions on the HS-DSCH always have a corresponding HS-SCCH transmission. To support this mode of operation, two new formats are defined for the HS-SCCH and HS-DSCH which are designated as HS-SCCH type 2 and HS-DSCH type 2.

3. Possible impacts to requirements in TS25.101 of the CPC features

In this section, we discuss the CPC features, and the possible impacts to TS25.101 requirements. The introduction of CPC may require modification of existing requirements in TS25.101, or perhaps the creation of new requirements or requirement scenarios
A. Discontinuous uplink transmission with DPCCH gating (DTX)

1. Uplink power control

When the UE does not transmit DPCCH, the node-B is not required to transmit TPC bits on the corresponding F-DPCH slot on the downlink. However, the node-B is allowed to transmit TPC bits in any slot on the downlink (i.e., the node-B is not required to perform slotwise DTX detection on the UE). Therefore the node-B may transmit some random TPC bits on the corresponding F-DPCH slot on the downlink (or perhaps it would transmit mainly UP TPC commands in response to a DTX slot on the uplink). The UE uplink power control must not respond to TPC commands on the F-DPCH slot on the downlink corresponding to not transmitted UL DPCCH slots. Revision to the 25.101 section on inner loop power control in the uplink (6.4.2) may be needed to indicate that the UE should not respond to F-DPCH TPC commands except when they correspond to slots where it has transmitted DPCCH on the uplink. This could be tested, for example by transmitting “UP” TPC commands on the F-DPCH corresponding to slots where the uplink DPCCH is off and  “DOWN” TPC commands in F-DPCH slots when the uplink DPCCH is on. A correctly behaving UE would remain at minimum power in this test and would not act on the “UP” TPC commands, Otherwise, we believe that the requirements in section 6.4.2 on power control steps are also applicable in the DTX case. Note that power control algorithm 2 is not used with uplink DTX.
2. Transmit off power

The text in section 6.5.1 on UE transmit off power may require some revision. During periods when the UE is not transmitting DPCCH due to DTX, a transmit off power requirement may be needed.  The need for such a requirement should be studied by RAN4, and section 6.5.1 of 25.101 updated as necessary.

3. Transmit on/off time mask

The text in section 6.5.2 on UE transmit time mask may require some revision. The need for a DPCCH DTX time mask requirement should be studied by RAN4, and section 6.5.1 of 25.101 updated as necessary.
4. Downlink power control

When the UE has not transmitted a slot on the DPCCH, it is important that it does not estimate the quality of the corresponding F-DPCH slot for downlink power control. Since this is an important scenario, it may be beneficial to consider creating a test case to confirm correct UE behaviour. Since some reconvergence of the downlink inner power control loop would need to occur after every uplink transmission gap, it does not feasible to introduce requirements in  fading conditions channel for this kind of operation. At least the feasibility and significance of such requirements would need to be confirmed. An alternative approach of doing more of a functional testing in AWGN conditions could be considered.
B. Discontinuous uplink reception
We believe that this does not create any additional requirements for TS25.101. It is important that the UE complies correctly with the MAC DTX pattern to avoid data loss due to the UE making a transmission when the uplink E-DPCCH is not being received by the node-B but we see confirming such compliance as a functional test rather than a performance requirement.
C. A new DPCCH slot format is introduced

We are not aware of any performance requirements that would need to be introduced to TS25.101 to support the new slot format.

D. Reduced CQI reporting from the UE is introduced

Since this is a functional behaviour resulting in the possibility of not transmitting certain CQI reports, we do not believe that this has any impact to the requirements for CQI reporting in TS25.101 section 9.3, Reporting of Channel Quality Indicator. We think that the effort involved in generating an additional requirements scenario for section 9.3 which made use of the reduced CQI reporting rate in RAN4 would be considerable, and it would not significantly increase the coverage of the requirements since UEs which make accurate CQI reports at the normal CQI reporting rate could also be reasonably expected to make similar CQI reports at the reduced rate. The compliance to the reduced CQI reporting cycle would be more of a functional test if seen necessary. This may be combined with the Transmitter off power requirements discussed in Section 3.A.
E. Discontinuous F-DPCH transmission is allowed on the downlink in slots corresponding to uplink DPCCH 

1. Uplink and downlink power control

This creates a requirement that the UE does not use the non-transmitted F-DPCH slots for uplink power control, or for quality estimation for downlink power control. This has already been considered in the section on Discontinuous uplink transmission with DPCCH gating (DTX)”

2. Out of sync detection

Some minor revision of 25.101 section 6.4.4 Out-of-synchronization handling of output power seems to be needed to keep 25.101 aligned with the RAN1 specifications. 25.101 currently states explicitly that the out of sync condition shall be detected in 160ms, however in the case of discontinuous F-DPCH transmission, this period would need to be expressed as 240 F-DPCH slots which are known to be transmitted, in a similar manner to the way this has been expressed in the RAN1 CR[4] . The quality of the F-DPCH quality measurement is the same as in release 6, regardless of the transmission activity. Only the measurement window duration is transmission activity dependent.
F. Discontinuous downlink reception is allowed but not mandated

Some requirements scenarios could be created to verify that the UE receiver performance is not generally degraded for the time periods when discontinuous reception is not allowed with DRX enabled. This would confirm that UE performance immediately after the time when it has been allowed to perform DRX. The details of these scenarios would need further discussion, but it is expected that there could be requirements for the demodulation of HS-SCCH and/or HS-DSCH after a period when the UE could have powered its receiver off.

G. HS-SCCH less operation on the downlink

1. Blind detection of HS-DSCH

When HS-DSCH type 2 is used, the UE is required to be able perform blind detection of the first transmission of HS-DSCH type 2 from a number of different possible transport formats. The need for HS-DSCH type 2 blind detection requirements should be investigated by RAN4 to support the HS-SCCH-less operation of  HSDPA

It is also necessary for the UE to correctly combine the first transmission of the HS-DSCH type 2 with retransmissions, and requirements scenarios in this area for 25.101 could be considered.

Requirements for this feature could be considered to be introduced as a two stage test where in first phase the reference performance is determined for the given HS-DSCH format with normal HS-SCCH and adjusting the parameters of the test in a such a  that second re-transmission would be required to receive the packet correctly. In the second phase, with derived parameters this test could redone with assuming HS-SCCHless operation.  This would possibly offer the benefit of setting the requirements in a receiver independent manner

2. Additional HS-SCCH format

The need for demodulation performance requirements when receiving type 2 HS-SCCH channel should be investigated. If seen beneficial, additional requirements scenarios based on the new HS-SCCH format type 2 could be created for 25.101. Alternatively, the existing HS-SCCH demodulation requirements which are applicable to HS-SCCH format type 1 may be decided to be adequate
4. Possible impacts to requirements in TS25.133 of the CPC features

A. Discontinuous uplink transmission with DPCCH gating (DTX)

Several of the requirements in TS25.133 involve the UE making measurements of DPCCH power and total transmission power over a filtering period. Such requirements should be reviewed in light of the uplink discontinuous transmission, to see if they need to be extended. The requirements which Nokia believes should be investigated further are 

1. Section 9.1.6 “UE Transmitted power”
This currently contains text “For each empty slot created by compressed mode, no value shall be reported by the UE L1 for these slots.” We believe that minor generalisation of this text may be need to cover also the empty slots in the case of CPC DTX.

2. Section 9.1.13 “UE Transmission power headroom”
This measurement is based on an estimate of uplink DPCCH power over a 100ms filtering period, and  a maximum of 10ms reporting delay. RAN4 should consider the suitability of the UPH requirements in the case of discontinuous DPCCH transmission and revise the wording if necessary
3. Section 6.4 “Transport format combination selection in UE”

Restriction of the E-TFC that the UE is able to support due to available TX power is based on the “normalised remaining power margin” which in turn depends on uplink DPCCH transmission power and beta factors for other code channels.  Since uplink  DPCCH transmission power is a very important factor in E-TFC restriction, the requirements in section 6.4.2 should be reviewed and, if necessary, updated 
B-G. Other CPC features

We believe that other CPC features do not impact the requirements in TS25.133, but welcome feedback from other companies on any further impacts to 25.133 which may arise due to CPC features.

5. Conclusions

In this document, we have identified a number of areas where RAN4 work is required to modify or extend the requirements in TS25.101 and TS25.133 to cover the case of continuous packet connectivity. We believe that it would be good for RAN4 to begin to work in the identified areas to ensure completion of the continuous packet connectivity specifications in a timely manner.
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