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1. Introduction

In RAN1#73 meeting, the following framework was to be taken as guidance for the initial study phase for dedicated secondary uplink carrier [1]:

· Both Rel-9 DC-HSDPA/DC-HSUPA and lean carrier users can coexist in the same (two) carrier(s)

· Pre-Rel-9 users are also allowed to coexist at the same time on the same carrier with lean carrier users

· The impact on scheduling of legacy users HS-DSCH and E-DCH should be considered, e.g. the HS-DPCCH timing and delivery of UL scheduling information

· Simultaneous operation of DCH and lean carrier is not considered in the study

· Simultaneous operation of 10 ms E-DCH and lean carrier is not considered in the study

· HARQ operation with lean carrier transmissions is allowed

· Nominal (6 dB) RoT as well as high RoT operation of lean carrier is considered

· Uplink transmissions are assumed to be TTI time aligned. The baseline alignment accuracy to be considered is according to what is allowed by the current specification

· As the baseline the SHO operation on the lean carrier is not considered

· The comparison point should be TDM operation with CPC as allowed by Rel-7 specifications

· The practical limits of the power imbalance of the two carriers should be taken into account

· Inter-cell interference issue of a lean carrier with "high RoT" on a neighbour legacy cell with "low RoT" should be considered

· UL DPCCH reduction and other ways of reducing overhead should be considered

· Synchronization (path search) and power control aspects should be considered

· Introduction of a new grant channel should be considered

The framework may be summarized into six aspects as follows and we give our viewpoints on them in this contribution.
1. Synchronization and power control
2. Timing
3. HARQ operation on the lean carrier
4. Inter-cell interference
5. Co-existence with legacy UE

6. Performance evaluation
2. Discussion
As discussed in [2], dedicated secondary uplink carrier is reserved and configured as a "clean" carrier (which is called a “lean” carrier) for high rate data transmissions. On the new lean carrier, a user’s transmission is completely separated with other users’. The UL separation among users guarantees that a user’s transmission on the lean carrier is not interfered by other users. Therefore, the lean carrier can operate with “high RoT”. The proposed lean carrier has the following characteristics:

1. Not transmitting the DPCCH when there is no data to transmit

2. Monitoring the DL, for UL purposes, only when there is data to transmit in the UL

3. Not maintaining any mobility measurements and procedures when not transmitting data
4. Time limited grants

2.1 Synchronization and power control
As proposed in [2], UL DPCCH is only transmitted together with data transmissions and there is no preamble and DPCCH pattern. For a UE temporarily not scheduled for data transmission, the DPCCH has no chance to be transmitted and F-DPCH is not requested to receive. If the absence of DPCCH and corresponding F-DPCH is long, path search for synchronization and power control fall into trouble. 
In the CPC TR (TS25.903) [5], uplink DPCCH gating is discussed. It states there may be a limit on the length of the DPCCH gating period as during long inactivity the Node B could not any more know whether the uplink synchronisation is lost or if there just is a very long inactivity period. In order to support longer uplink DPCCH gating gaps, the transmission after a long gap is proposed to be preceded by a DPCCH preamble of sufficient length in order to facilitate the detection of the signal. Meanwhile, during the data inactivity the DPCCH is transmitted in a predetermined pattern so that the Node B always knows to expect some slots of DPCCH transmission and can still follow the uplink presence and quality. This is why the preamble and DPCCH pattern are needed in the CPC. Based on above considerations, the impact of uplink DPCCH gating in the CPC has been evaluated by link and system level simulation on the following aspects in the CPC study:
1. Power control stability
2. F-DPCH performance
3. Uplink link and system level performance
4. CQI decoding performance
5. Preamble detection performance with long gating gap
6. UE battery saving calculations
Since there would be the same issues with respect to the lean carrier due to less uplink DPCCH transmission, e.g. no DPCCH pattern and no preamble (optional), the analysis of uplink DPCCH gating for the lean carrier according to all or a part of aspects above in the CPC TR is actually needed to be re-evaluated. 
In addition, the preamble detection performance on uplink DPCCH gating with long gating gap has been evaluated in the CPC TR, and the results show that long preamble will raise the detection probability distinctly (simulation results in the appendix are excerpted from the CPC TR [6]). It is expected that long preambles would be needed to compensate the absence of DPCCH pattern on lean carrier as well 
Proposal 1: The evaluation associated with synchronization and power control for lean carrier should be addressed concerning the following metrics:
1. Power control stability
2. F-DPCH performance
3. Uplink link and system level performance
4. Preamble detection performance with long gating gap
2.2 Timing
Lean carrier may not be able to support SHO well. Since a lean UE needs to be uplink TDMed on lean carrier, the UE’s uplink needs to be aligned with the serving cell when it enters SHO area, resulting that the UE’s uplink may not be correctly received by non-serving cell due to misalignment of uplink timing.   
Even though the SHO operation on the lean carrier is not considered as the baseline, timing issue may still go with lean carrier in the case of cell switch due to the SHO operation in the primary carrier. For example in Figure 1, cell 1 is the primary cell and a lean UE is served by cell 1 and cell 2 at point A. At this time, cell 1 is UL and DL timing reference. When the UE moves into SHO area at point B, the connection to cell 3 is set up and the DL F-DPCH timing in cell 3 should be aligned with the DL F-DPCH timing in cell 1. Since there is only one UL timing for cell 1 and cell 3, the UL timing is still kept with the offset (i.e. 1024 chips) of the DL F-DPCH timing in the cell 1. It means cell 1 is still the UL timing reference. When the UE moves out of SHO area at point C, the connection to cell 1 is removed while the UL timing is still unchanged since current specification does not support F-DPCH reconfiguration in case of removing a cell from the active set. As the UL timing of the two frequencies in the DC-HSUPA is the same, the UE’s UL timing in cell 4 should be aligned with cell 1. Therefore this lean UE may not work well in cell 4 because its uplink timing is following cell 1 and therefore would be not aligned with the uplink timing in cell 4. 
Proposal 2: The timing issue of lean carrier in case the related primary carrier supports SHO operation should be addressed.
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Figure 1: Lean carrier UE in SHO
2.3 HARQ operation on the lean carrier
HARQ operation is agreed to be supported on the lean carrier, which implies the retransmission is allowed to improve data transmission. Due to TDM scheduling, NodeB also has to ensure only one UE is granted when retransmission occurs. This may be done explicitly (i.e. by issuing a grant) or implicitly (e.g. an E-HICH NACK) [3] [4]. However it seems complicated for the NodeB to complete TDM scheduling, if the retransmission happens in the last TTIs for the current scheduled UE. It is because that NodeB may not know immediately whether the data in the last TTIs of current UE are decoded correctly or not before sending a grant to next UE (e.g. HARQ-ACK will be sent about 11 slots after the associated E-DCH). Then it is a question when the NodeB sends the next grant (an AG or an E-HICH NAK) and whether the current UE with data retransmission or the next UE going to be scheduled has the higher priority to get the grant.

One solution is that the grant for the next UE is sent before the TTIs assigned for it, right after the grant for the current UE is time out, no matter whether the data in the last TTIs of current UE are decoded correctly or not (Figure 2 shows an example, in which data retransmission of UE0 occurring in the HARQ2). The IR buffer of current UE for soft combing will be empted during the time-limited grant for the next UE therefore HARQ gain may be lost and higher layer retransmission may occur.

Considering 8 HARQ processes are supported in UL, there will be 7 TTIs at least (11 slots for deriving HARQ-ACK, 3 slots for AG sending and 7 slots for AG taking effect, namely 21 slots in total) in which the NodeB does not know the decoding result or cannot retransmit the data after knowing the decoding result because the AG for the next UE has been sent. It means higher layer retransmission may occur for the data transmission during the 7 TTIs. 

[image: image2.emf]UE0 UE0

E-DPDCH

on lean carrier

UE0

ACK

E-HICH

ACK NACK 11 slots

UE1 UE1 UE1 UE1

E-TGCH UE1 7 slots

UE1 UE1

HARQ 0 HARQ 1HARQ 2HARQ 3HARQ 4 HARQ 5HARQ 6HARQ 7HARQ 0 HARQ 1HARQ 2

UE1

IR buffer for UE0 

must be empted


Figure 2: Grant for the next UE is sent as long as the grant for the current UE is time out
Another solution is that the grant for the next UE is sent after NodeB has made sure no layer 1 retransmission for the current UE (Figure 3). The UL TTIs with blank transmission will be wasted till the last occupied IR buffer is released so that the UL data transmission efficiency will be degraded.

Considering 8 HARQ processes are supported in UL, if only the last TTI is needed to be retransmitted assuming 3 related retransmissions occur, 7 out of 8 TTIs are blank and total transmission num is 4. As results, 28 TTIs at maximum will be wasted.
Proposal 3: The retransmission issue on the lean carrier should be addressed.
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Figure 3: Grant for the next UE is sent after no layer 1 retransmission for the current UE
2.4 Inter-cell interference
Since SHO UEs tend to transmit with relatively higher power and are located closer to neighbour cells, SHO UEs likely act as a dominant factor of inter-cell inference. If the SHO operation on the lean carrier is not considered, lean carrier UEs will consume more Tx power to obtain the same decoding SINR because of no SHO gain. Furthermore, not like legacy case, a lean carrier is not possible to control inter-cell interference from SHO UEs via non-serving E-RGCH, as illustrated in Figure 4. Therefore the inter-cell interference is more severe in case of lean carrier. 
In case of a legacy UE entering the cell edge of a legacy uplink carrier with low RoT deployed geographically close to a lean carrier with high RoT, if SHO operation is not supported, this legacy UE suffers both form the loss of SHO gain and high interference from lean carrier. As a result, the performance of several aspects of the cell such as coverage, throughput and so on will be impacted. Therefore some mechanisms should be considered in the lean carrier for the inter-cell interference cancellation.

Proposal 4: The inter-cell interference issue of a lean carrier with "high RoT" on a neighbour legacy cell with "low RoT" or a neighbour lean carrier with "high RoT" should be evaluated.
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Figure 4: Power loop on lean carrier when UE is in SHO (power loops on legacy carrier are not shown)
2.5 Co-existence with legacy UE
In [3], to support co-existence with legacy UE, the dedicated secondary uplink is divided into two parts using HARQ processes with one part dedicated to lean carrier operations and the other part to legacy operation. During the part of lean carrier operations, the HS-DPCCH feedback of legacy UE may be transmitted (Figure 5) and then ACK/NACK or CQI may not be decoded accurately because of the ‘high RoT’ interference from lean carrier UE. In order to avoid the mentioned situation above, the HS-DPCCH should be transmitted during the other part of legacy operations (Figure 6). It means that DL HS-DSCH scheduling should harmonize with UL TDM scheduling to force the HS-DPCCH (especially HARQ-ACK feedback) exactly falling into the part dedicated to legacy operation. Whatever the methods are, the DL HS-DSCH scheduling is inevitably limited into a certain TTIs and the other TTIs will be unoccupied. The waste of traffic TTIs will decrease peak data rate as well as UE throughput, if the limitation on DL HS-DSCH scheduling is introduced.
Proposal 5: The HS-DSCH performance loss of legacy UE should be evaluated.
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Figure 5: HS-DPCCH ACK of legacy UE comes in the Lean Carrier part of the carrier
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Figure 6: HS-DPCCH ACK of legacy UE should be limited in the legacy part of the carrier

In [2], the lean carrier UE only sends SI on the primary carrier and then NodeB sends time-limited grant to it to start the data transmission on the lean carrier. But for legacy UE, the SI will be sent on the lean carrier at any time if the UE wants to transmit data. It means the SI of legacy UE may be sent in TTIs dedicated to lean carrier operations on the lean carrier not aware of the time-multiplexing legacy and lean carrier operation (Figure 7). Then SI may not be decoded accurately (even for retransmission in the same HARQ process according to legacy mechanism) because of the ‘high RoT’ interference from lean carrier UE so that the UL scheduling of legacy UE based on SI will be impacted.
Proposal 6: The SI transmission performance loss of legacy UE should be evaluated.
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Figure 7: SI of legacy UE comes in the Lean Carrier part of the carrier

3. Conclusion
In this contribution, the issues in the agreed framework are discussed and some initial ideas are given. It is proposed:
Proposal 1: The evaluation associated with synchronization and power control for lean carrier should be addressed concerning the following metrics:

1. Power control stability
2. F-DPCH performance
3. Uplink link and system level performance
4. Preamble detection performance with long gating gap
Proposal 2: The timing issue of lean carrier in case the related primary carrier supports SHO operation should be addressed.

Proposal 3: The retransmission issue on the lean carrier should be addressed.
Proposal 4: The inter-cell interference issue of a lean carrier with "high RoT" on a neighbour legacy cell with "low RoT" or a neighbour lean carrier with "high RoT" should be evaluated.

Proposal 5: The HS-DSCH performance loss of legacy UE should be evaluated.
Proposal 6: The SI transmission performance loss of legacy UE should be evaluated.

4. Appendix
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Figure 8: Preamble Detection Probability for different preamble length and various channel models [5]
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		-23.6154639369		-25.6156719369		-25.6196999369		-26.6187419369		-27.6142439369
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						9 slots						12 slots

		4.364265		-20.6154489369		0.9976		2.367041		-22.6126729369		0.9924

		3.364248		-21.6154659369		0.9886		1.364033		-23.6156809369		0.9762

		2.364257		-22.6154569369		0.9612		0.364037		-24.6156769369		0.9358

		1.36425		-23.6154639369		0.8954		-0.635958		-25.6156719369		0.8498

						18 slots						15 slots

		1.360974		-23.6187399369		0.9984		2.360031		-22.6196829369		0.9988

		0.360978		-24.6187359369		0.992		1.360003		-23.6197109369		0.9938

		-0.639024		-25.6187379369		0.9716		0.360013		-24.6197009369		0.9796

		-1.639028		-26.6187419369		0.9206		-0.639986		-25.6196999369		0.9358

		-2.639023		-27.6187369369		0.811		-1.63999		-26.6197039369		0.857

						21 slots

		0.365467		-24.6142469369		0.998

		-0.634535		-25.6142489369		0.9906

		-1.634535		-26.6142489369		0.9696

		-2.63453		-27.6142439369		0.9056

		-3.634531		-28.6142449369		0.783
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						15 slots						9 slots

		6.415994		-18.5637199369		0.9946		2.444259		-22.5354549369		0.8606

		5.415997		-19.5637169369		0.989		3.444251		-21.5354629369		0.9122

		4.415997		-20.5637169369		0.982		4.444256		-20.5354579369		0.9446

		3.416		-21.5637139369		0.9702		5.44425		-19.5354639369		0.9646

		2.415999		-22.5637149369		0.9524		6.444256		-18.5354579369		0.978

		1.416001		-23.5637129369		0.924		7.444245		-17.5354689369		0.986

		0.415998		-24.5637159369		0.8808		8.444253		-16.5354609369		0.9922

						12 slots						18 slots

		1.40222		-23.5774939369		0.8776		0.444393		-24.5353209369		0.9024

		2.40222		-22.5774939369		0.919		1.444379		-23.5353349369		0.942

		3.402218		-21.5774959369		0.9508		2.444397		-22.5353169369		0.963

		4.40222		-20.5774939369		0.9702		3.444391		-21.5353229369		0.979

		5.402218		-19.5774959369		0.982		4.444394		-20.5353199369		0.988

		6.402218		-18.5774959369		0.9906		5.444386		-19.5353279369		0.9946

						21 slots

		0.378199		-24.6015149369		0.9342

		1.378187		-23.6015269369		0.9596

		2.378208		-22.6015059369		0.9762

		3.378203		-21.6015109369		0.9876

		4.378211		-20.6015029369		0.9938





Sheet2

		





Sheet3

		






