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1. Introduction

In RAN1#72bis meeting, a lean carrier solution was proposed in [1]. This contribution gives our viewpoints on some physical layer aspects of the lean carrier solution.
2. Discussion
In RAN1#72bis meeting, a lean carrier solution was proposed in [1]. A secondary carrier is reserved and configured as a "clean" carrier for high rate and bursty data transmissions. On the new clean carrier, which is called a “lean” carrier, a user’s transmission is completely separated with other users’ by per TTI scheduling. 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 characters:

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

It is also proposed in [3] to allow coexistence of both legacy UEs and R12 lean carrier UEs, in order to improve the carrier efficiency.
The following subsections discuss some physical layer issues in two scenarios: the scenario with only lean carrier UEs and the scenario with coexistence of both legacy UEs and lean carrier UEs. The related physical layer aspects include:
· Synchronization and power control
· Inter cell interference control

· Impacts on DL scheduling

· Impacts on UL scheduling

2.1 Existence of R12 EUL UE only
2.1.1 Synchronization and power control
As proposed in [1], UL DPCCH is only transmitted together with data transmissions, and there is no preamble, synchronisation, channel estimation and decoding before the data transmission arrives. For a UE temporarily not scheduled for data transmission, the DPCCH has no chance to be transmitted for power control and link quality evaluation. If the absence of DPCCH and corresponding DL F-DPCH is long, the link quality will become poor, and the UE may fall out of synchronization. In Rel.7 CPC, DPCCH can be transmitted at least following a pattern, even if there is no data transmission for a long time period. So the power control and synchronization can be maintained. For the lean carrier, the power control may work acceptably if the gap of UL transmission is short, or although the gap of UL transmission is long but every UL burst duration is long enough. Otherwise, the power control will not work well. Therefore, the less frequent and unpredictable DPCCH transmission on the lean carrier has negative impacts on the power control and synchronization, e.g. data error probability, synchronization delay. It is preferred that the introduction of lean carrier does not degrade the synchronization and power control performance, compared to the Rel.7 CPC.
Proposal 1: The introduction of lean carrier should not degrade the synchronization and power control performance compared to the Rel.7 CPC. 
2.1.2 Inter cell interference control

With UL separation among users, the lean carrier can operate with “high RoT”. It will cause high interference to the neighbour intra frequency cells, especially for the cells operating as a legacy carrier with “low RoT”. 
In DC-HSUPA mechanism, the active set is maintained separately for primary carrier and second carrier, and the active sets between primary carrier and secondary carrier may be different. If the active set is also maintained for the lean carrier, the serving grant of users on the lean carrier will be reduced by the non serving RG command from neighbour intra frequency cells, especially the legacy cells with a tolerance of “low RoT”. Therefore, the cell edge users on the lean carrier will not reach higher data rate. These users can not operate with “high RoT”. If the active set of the cell edge users does not include the neighbour intra frequency cells operating with “low RoT”, the high interference of these users to the neighbour cells will be not under control. On the other hand, the inter cell interference control through non serving RG command becomes difficult in the case of per TTI scheduling on the lean carrier, for the interference contribution from a UE is harder to predict compared to the legacy scheduling procedure. 
In order to save UE power consumption, it was proposed in [2] not to perform any mobility measurement in lean carrier, and UE does not maintain active set in lean carrier. The legacy cells can not be added to the active set of a Rel.12 lean carrier UE. In this case, the interference from lean carrier UEs will be entirely not under the control of legacy neighbour cells. The legacy intra frequency cells will suffer high interference from these UEs, and the UL throughput will be reduced. 
Proposal 2: The introduction of lean carrier should not degrade the throughput of legacy intra frequency cells. 
Proposal 3: It should be studied how to solve the inter-cell interference issue of a lean carrier with "high RoT" on a neighbour legacy cell with "low RoT".
2.2 Coexistence of both legacy UE and R12 EUL UE
In the scenario of coexistence of both legacy UE and R12 EUL UE on the lean carrier, we have the same concerns on the above mentioned issues on synchronization, power control and inter cell interference control. In addition, the coexistence of legacy and R12 EUL UE will have negative impacts on DL and UL scheduling. 
2.2.1 Impacts on DL scheduling

In order to improve the carrier efficiency, it is proposed in [3] to allow coexistence of both legacy UE and R12 lean carrier UE. For example the carrier can be divided half and half with 4 HARQ processes allocated to legacy UE and 4 HARQ processes to R12 lean carrier UE as in Figure 1.
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Figure 1: HS-DPCCH ACK of legacy UE comes in the Lean Carrier part of the carrier

As in Figure 1, the HS-DPCCH of legacy UE is transmitted during the R12 lean carrier UE traffic proceeding, and then ACK/NACK may not be decoded accurately because of the interference from R12 lean carrier UE. In order to avoid the interference, the HS-DPCCH should be transmitted during the UL granted HARQ processes of the UE. So the DL HS-DSCH scheduling should take into account the UL granted HARQ processes, and make sure the HS-DPCCH is transmitted during the UL granted HARQ processes. This will introduce limitation on DL HS-DSCH scheduling.
Proposal 4: The impact of coexistence on DL HS-DSCH scheduling should be evaluated by system simulation.

2.2.2 Impacts on UL scheduling

In order to reduce UL interference and battery consumption, and increase network capacity, it was proposed in [1] that UL DPCCH is just transmitted when UL data is transmitted in lean carrier. Then if the absence of DPCCH and corresponding DL F-DPCH is long, the UE does not obtain the accurate UL DPCCH power. While the UE transmission power headroom (UPH) is the ratio of the maximum UE transmission power and the corresponding DPCCH power, the UE does not obtain and report the accurate UPH before the data transmission starts. Then Node B could not allocate appropriate initial grant to the UE based on the reported UPH, and if the grant is too large, it shall bring to inter-cell interference on neighbour cells, and if the grant is too small, the RoT of serving cell could not be utilized. For the legacy UE, the DPCCH can be transmitted at least following a pattern. The power control will be maintained and UPH can be reported at any time. So Node B could allocate appropriate initial grant to the UE before the data transmission starts. The introduction of lean carrier will have impacts on the performance of UL HS-DACH scheduling. 
Proposal 5: The impact of coexistence on UL HS-DSCH scheduling should be evaluated by system simulation.
3. Conclusion
In this contribution, the issues on synchronization, power control, inter cell interference control and impacts on DL and UL scheduling are discussed. It is proposed:
Proposal 1: The introduction of lean carrier should not degrade the synchronization and power control performance compared to the Rel.7 CPC.
Proposal 2: The introduction of lean carrier should not degrade the throughput of legacy intra frequency cells. 
Proposal 3: It should be studied how to solve the inter-cell interference issue of a lean carrier with "high RoT" on a neighbour legacy cell with "low RoT".
Proposal 4: The impact of coexistence on DL HS-DSCH scheduling should be evaluated by system simulation.
Proposal 5: The impact of coexistence on UL HS-DSCH scheduling should be evaluated by system simulation.
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