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1.
Introduction

In this document, we discuss the compressed mode with discontinuous uplink transmission. In R1-062892 four alternatives on how the CM with CPC could be specified were described for basis of further discussion. Two of the alternatives were discussed further on the RAN1 email reflector after the RAN1#46bis meeting.
There was a consensus to explore the use of DTX gaps to perform neighbouring frequency/RAT measurements. This document quantifies these DTX gaps and proposes a minimum complexity solution to expand them.
2.
Compressed mode in the CPC CR for TS25.214
In R1-063560, the approved CPC CR for 25.214, the compressed mode operation is described as
6C.5    Operation during compressed mode 

The compressed mode operation shall not be impacted by the discontinuous uplink transmission and discontinuous downlink reception operation.

Compressed mode will be applied as described in subclauses 6A.3 and 6B.4. The discontinuous uplink DPCCH transmission operation described in 6C.2 shall be autonomously disabled in the radio frames containing compressed mode gap (i.e. at least 8 slots shall be transmitted in each compressed frame). In all other radio frames during the compressed mode operation the discontinuous uplink DPCCH transmission operation shall be applied as indicated in 6C.2.
In this solution the Rel-6 compressed mode operation has higher priority over the discontinuous transmission and reception operations of Rel-7 for the compressed frames. The transmission in the compressed frames is exactly the same as in Rel-6, the CPC operates normally during the non-compressed frames. 
This solution has the following disadvantages:

· Separate generation of compressed mode and CPC gaps which could block most of the possible transmission times.
· The complexity of compressed mode remains as part of the system.

· There will be additional spurs of transmissions before and after the compressed mode gap, even when CPC dictates a transmission gap at those times.

3.
CPC gaps with 2 ms E-DCH TTI
3.1
Assumptions

In order to evaluate the gaps where the UE is allowed not to transmit or receive according to CPC, the following assumptions are made:

· 2 ms E-DCH TTI are considered with UE_DTX_cycle_1 = UE_DRX_cycle = 4 and 8.
· UE needs to tune in 3 slots before the reception of HS-PDSCH (i.e. 1 slot before the corresponding HS-SCCH)
· UE needs to tune in 1 slot before the reception of E-HICH, E-AGCH and E-RGCH.
· UE needs to tune in 3 slots before any uplink transmission (i.e. 1 slot before the start of the preamble).

· UE can tune out immediately after the end of a subframe/frame reception.

· UE can tune out 1 slot after the end of any uplink transmission (i.e. immediately after the end the postamble).
3.2
Gaps when UE_DTX_cycle_1 = UE_DRX_cycle = 4

In a period of 8 subframes, the cumulative gaps can vary between 3 and 9 slots depending on τdpch. Additionally, the gaps are divided into two almost equal length gaps in the range between 1.5  and 4.5 slots as illustrated in Figure 1.
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Figure 1 Gaps when UE_DTX_cycle_1 = UE_DRX_cycle = 4

These gaps are not long enough to perform neighbouring frequency/RAT measurements. However, skipping one transmission/reception event, the gaps expand to values between 13.5 and 16.5 slots (arrows in red in Figure 1).

3.2
Gaps when UE_DTX_cycle_1 = UE_DRX_cycle = 8
In a period of 8 subframes, the cumulative gaps can vary between 7 and 11 slots depending on τdpch. The gaps are divided into two periods (For example, [1.5;4.5]  and [5.5;6.5] slots) as illustrated in Figure 1.

[image: image2]
Figure 2 Gaps when UE_DTX_cycle_1 = UE_DRX_cycle = 8
These gaps are not long enough to perform neighbouring frequency/RAT measurements. However, skipping one transmission/reception event, the gaps expand to values in the range between 15 and 16.5 slots (arrows in red in Figure 2).

4.
CPC gaps with 10 ms E-DCH TTI

Compared to the CPC gaps for 2 ms E-DCH TTI, the CPC gaps for 10 ms E-DCH TTI are more dependent on the UL traffic and the CPC configuration (especially UE_DPCCH_burst_1 and UE_DPCCH_burst_2).
The sleep time will be upper bounded by the sleep time when there is no data to transmit on the uplink. For the sake of comparison, let us assume there is no uplink data being transmitted, if we also assume 
UE_DTX_cycle_1 = UE_DTX_cycle_2 = UE_DRX_cycle = 5 or 10 subframes, and 
UE_DPCCH_burst_1 = UE_DPCCH_burst_2 = 1 subframe, 
the resulting gaps should be close to the gaps found for 2ms E-DCH TTI in the previous paragraph, and the same conclusion would be drawn regarding the need to open bigger gaps.
5. CPC DTX/DRX instead of compressed mode 

5.1
Proposed procedure

The basic intention in R1-063333 is “to exploit the transmission gaps created by the UL DTX for the purpose of neighbouring frequency/RAT measurements instead of using the compressed mode mechanism for creating transmission gaps to DPCCH”.  However, as paragraph 3 showed, there still is a need for a pattern to be applied on L1 to increase the size of the gaps.
This document proposes that the UE be allowed to “skip” all transmission and reception during the gap defined by the CM parameters. 
Node B MAC should disallow transmissions at these times; otherwise, these transmissions will be lost. Effectively, compressed mode has higher priority than CPC, however, if the CM parameters do not respect the restrictions described in the next paragraph (5.2), the UE behavior is not specified.

The UE higher layers (MAC) should still know for each TTI, when to generate gaps to E-DCH transmission for the neighbouring frequency/RAT measurements and thus, some transmission restriction patterns should be defined.
5.2
Joint compressed mode and CPC parameterization 

The existing compressed mode signalling could be utilised, or alternatively, new signaling could be defined to ensure E-DCH transmission gaps instead of using Rel-6 compressed mode signalling. Since compressed mode parameters already exist and were judiciously defined, this document proposes to re-use a subset of them.

If the following restricutions reuse existing CM parameters with CPC restrictions:

· TGPL1 (1...144 radio frames) = multiple of UE_DTX_cycle_1

· TGCFN (0..255 CFN) and TGSN (0..14 slot) take into account UE_DTX_DRX_offset

· TGL1 (1…14 slots) = gap function of Tau-dpch

· TGD and TGL2 can add another gap, function of Tau-dpch, UE_DTX_cycle_1 and the UE_DTX_DRX_offset.

The following parameters characterise a transmission gap pattern:

· TGSN (Transmission Gap Starting Slot Number): A transmission gap pattern begins in a radio frame, henceforward called first radio frame of the transmission gap pattern, containing at least one transmission gap slot. TGSN is the slot number of the first transmission gap slot within the first radio frame of the transmission gap pattern;

· TGL1 (Transmission Gap Length 1): This is the duration of the first transmission gap within the transmission gap pattern, expressed in number of slots;

· TGL2 (Transmission Gap Length 2): This is the duration of the second transmission gap within the transmission gap pattern, expressed in number of slots. If this parameter is not explicitly set by higher layers, then TGL2  = TGL1;

· TGD (Transmission Gap start Distance): This is the duration between the starting slots of two consecutive transmission gaps within a transmission gap pattern, expressed in number of slots. The resulting position of the second transmission gap within its radio frame(s) shall comply with the limitations of [2]. If this parameter is not set by higher layers, then there is only one transmission gap in the transmission gap pattern;

· TGPL1 (Transmission Gap Pattern Length): This is the duration of transmission gap pattern 1, expressed in number of frames;

The following parameters control the transmission gap pattern sequence start and repetition:

· TGPRC (Transmission Gap Pattern Repetition Count): This is the number of transmission gap patterns within the transmission gap pattern sequence;

· TGCFN (Transmission Gap Connection Frame Number): This is the CFN of the first radio frame of the first pattern 1 within the transmission gap pattern sequence.

These compressed mode parameters would not be needed:

· UL/DL compressed mode selection: This parameter specifies whether compressed mode is used in UL only, DL only or both UL and DL;

· UL compressed mode method: The methods for generating the uplink compressed mode gap are spreading factor division by two or higher layer scheduling and are described in [2];

· DL compressed mode method: The methods for generating the downlink compressed mode gap are spreading factor division by two or higher layer scheduling and are described in [2];

· downlink frame type: This parameter defines if frame structure type 'A' or 'B' shall be used in downlink compressed mode. The frame structures are defined in [2];

· scrambling code change: This parameter indicates whether the alternative scrambling code is used for compressed mode method 'SF/2'. Alternative scrambling codes are described in [3];

· RPP: Recovery Period Power control mode specifies the uplink power control algorithm applied during recovery period after each transmission gap in compressed mode. RPP can take 2 values (0 or 1). The different power control modes are described in [4];

· ITP: Initial Transmit Power mode selects the uplink power control method to calculate the initial transmit power after the gap. ITP can take two values (0 or 1) and is described in [4].

6. Proposed changes to the CPC CR for 25.214

6C.5
Operation during compressed mode 


Compressed mode will be applied as described in subclause 6A.3 for the associated DPCH or F-DPCH. 
For the E-DCH related procedures, the following procedures shall be applied.

6C.5.1
Uplink compressed mode for the E-DCH related channels
The UE shall not transmit E‑DCH data in a TTI which fully or partly overlaps with an uplink transmission gap.

6C.5.2
E-DCH Downlink compressed mode for the E-DCH related channels
Compressed mode will be applied as described in subclause 6B.4.2.

7.
Conclusions

The compressed mode operation with discontinuous uplink DPCCH transmission operation was discussed. The current gaps in the CPC proposal were shown to need expansion to allow neighbouring frequency/RAT measurements. A proposal to achieve bigger gaps with minimum impact on Node B implementations and with minimal UE complexity was presented:
The UE is allowed to “skip” all transmission and reception during the gap defined by the CM parameters. UE and Node B MACs should disallow transmissions at these times.
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