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1. Introduction
At RAN#58 meeting, a new study item was established on Further EUL Enhancements ([1]), and one sub-topic of the SI is "Enabling high user bitrates in a mixed-traffic scenario".
At RAN2#81bis meeting, it was agreed to study the introduction of lean carrier operation and the agreements were as below.
Agreements:

-
We agree to study the introduction of lean carrier operation to allow high-bit user rates in a mixed traffic scenario. 

-
The goal of lean carrier operation is to achieve these requirements:


-
Reduction of UL interference via UL separation between users 


-
Improve efficiency of the carrier





Battery efficiency and consumption in the UE 





Minimization of Layer 3 and 1 signalling and delays (e.g. reconfiguration, 





activation/deactivation)


-
Allow co-existence of legacy users and lean carrier users

-
We agree that some areas of improvements include:


-
Grant Scheduling 


-
Mobility optimization 


-
Optimization of UL transmissions (e.g. UL DPCCH)


-
Minimization on UE DL monitoring for battery optimization

At RAN1#72bis meeting, RAN1 had the following agreements on studying lean carrier operation:

· SHO operation on lean carrier, and impact on inter-cell interference

· Power setting and initial TBS selection on lean carrier

· HARQ operation on lean carrier

· Coexistence of legacy users

· Scheduler operation and whether there is a difference in scheduling lean carrier and baseline.
The contribution lists more aspects that should be clarified and evaluated during SI phase.
2. Discussion
In [1] and [2], two solutions to enable high user bitrates in a mixed-traffic scenario were proposed, and one solution is to reserve a lean carrier dedicated for Rel-12 lean carrier UE, and another solution is to allow the coexistence of legacy users and Rel-12 lean carrier UE.
The two solutions are discussed separately in section 2.1 and 2.2.
2.1 Lean Carrier operation without legacy UE
2.1.1 Synchronization and power control
In order to the reduced UL interference, increased network capacity, reduced battery consumption, it was proposed in [1] that UL DPCCH is just transmitted when UL data is transmitted on lean carrier.
If the absence time of UL DPCCH and corresponding DL F-DPCH is long, the link quality will become poor, and it is most likely that out of synchronization will happen. Moreover, it is difficult to set initial DPCCH power when UL data is transmitted again after a long time of no uplink data transmission.
In Rel-7 DTX feature, UL DPCCH can be transmitted following a pre-defined pattern, even if there is no data transmission for a long time, and thus the power control and synchronization can be maintained. So there is a need to take Rel-7 DTX as a comparison.
Proposal 1: To study the issue of the synchronization and power control for lean carrier operation, and Rel-7 DTX feature is suggested to be took as a comparison.
2.1.2 Inter-cell interference
With UL separation among different users, lean carrier can operate with "high RoT", and it will lead to high interference to the neighbour cells without lean carrier operation, especially for the cells operating as a legacy carrier with "low RoT".

In order to optimize UE power consumption, it was proposed in [1] not to perform any mobility measurement on lean carrier, so there are two considerations:

(1) the active set on lean carrier may follow those of the primary carrier
(2) or, the UE does not maintain the active set on lean carrier.
From our point of view, in case of consideration (1), the UE may be ordered to lower its uplink transmitting power by receiving non serving RG command, and thus the cell edge users on lean carrier could not operate with "high RoT".
For consideration (2), if there are lots of neighbour cells without lean carrier operation besides lean carrier cell, the users with "high RoT" will introduce high interference on these legacy cells, so the network capacity is significantly impacted.

Proposal 2: To study the inter-cell interference issue of lean carrier with "high RoT" on neighbour cells with "low RoT".

Proposal 3: To study the network capacity issue by introduction of lean carrier to neighbour cells without lean carrier operation.
2.1.3 HARQ Re-transmission mechanism based on time-limited grant
In order to optimize E-AGCH transmission, it is proposed in [1] to introduce time-limited grant mechanism.
From our point of view, it is questionable to determine granted time because of HARQ re-transmission, if the granted time is too short, it may need asynchronous HARQ mechanism and this is very similar as DL HARQ re-transmission, but it will introduce additional downlink signallings. If the granted time is too long, uplink scheduling resources may be wasted because the UE may not need so much resource for uplink data transmission.
Proposal 4: To clarify how to allocate grant for re-transmission and evaluate the gain of time-limited grant mechanism.
2.1.4 The impacts on UL E-DCH scheduling
In order to reduce UL interference and battery consumption, increase network capacity, it was proposed in [1] that UL DPCCH is just transmitted when UL data is transmitted on lean carrier.
If the absence time of DPCCH and corresponding DL F-DPCH is long, the UE will not obtain the accurate UL DPCCH power and the accurate UPH (UPH is the ratio of the maximum UE transmission power and the corresponding DPCCH code power). So the Node B is not able to allocate appropriate initial grant to the UE based on the reported UPH.
If the allocated grant is too large, it will introduce additional inter-cell interference on neighbour cells, and more transmission failures are introduced because of larger transmission block size. If the allocated grant is too small, the RoT of the serving cell may not be used efficiently.
Proposal 5: To clarify how to allocate initial grant to the UE based on the reported inaccurate UPH.
2.2 Coexistence with legacy UE
Regarding the scenario that Rel-12 lean carrier UEs and legacy UEs coexist on lean carrier, besides the above concerns, there are more aspects that should be further studied and evaluated.
2.2.1 The impacts on DL HS-DSCH scheduling
In order to improve the carrier efficiency, it is proposed in [2] to allow coexistence of both legacy UEs and Rel-12 lean carrier UEs. For example, the total 8 UL HARQ processes could be separated by 4 + 4 mode, and 4 HARQ processes are allocated to legacy UEs and 4 HARQ processes are allocated to Rel-12 lean carrier UEs. The details are shown in figure 1.
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Figure 1: HS-DPCCH ACK timing

As figure1, the HARQ-ACK of the legacy UE falls into the TTIs which are reserved for Rel-12 lean carrier UE, so the HARQ-ACK may not be decoded accurately by the network because there are high uplink transmission rate from Rel-12 lean carrier UE.

Regarding this issue, one can consider having a pattern for DL HS-DSCH scheduling, e.g. similar as the uplink scheduling patter, and this pattern has to follow UL granted patter. In our opinion, DL HS-DSCH scheduling is limited so that downlink data transmission performance is also impacted, e.g. not as high as user’s expectation.
Proposal 6: To clarify the impacts on DL HS-DSCH scheduling in case of coexistence of legacy UEs and Rel-12 lean carrier UEs.
2.2.2 The impacts on UL E-DCH scheduling
In order to avoid the interference of legacy UEs to lean carrier UEs, it is proposed in [2] that legacy UEs can only transmit UL DPCCH in: (1) granted HARQ processed by indicated from E-AGCH (2) DPCCH DTX pattern. The details are shown in figure 2.
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Figure 2: UL DPCCH pattern of Legacy UEs
In our opinion, this solution could avoid interference between legacy UEs and Rel-12 lean carrier UEs, but there are also the following limitations:
· DPCCH cycle length shall be the multiple of 8 sub-frames
· the UL HARQ processes allocation between “high RoT” and “low RoT” is set per cell, and the allocation shall follow UL DPCCH DTX pattern
With the change of the penetration of Rel-12 lean carrier UEs, the HARQ processes between “high RoT” and “low RoT” may vary, and correspondingly the UL DPCCH DTX pattern has to be reconfigured, so more RRC signalling are seen to be introduced.

For example, initially the network assumes 2 UL HARQ processes for Rel-12 lean carrier UE and 6 UL HARQ processes for legacy UEs, after more Rel-12 lean carrier UEs introduced, the division of UL HARQ processes needs to be reconfigured and in addition the UL DPCCH pattern for legacy UEs needs to be reconfigured.
Proposal 7: To clarify the impact on DPCCH DTX pattern reconfiguration issue.
In addition, on lean carrier the transmission of scheduling information is allowed on every UL HARQ process, even on a UL HARQ process for which the uplink transmission is restricted (by deactivated by absolute grant).

It is seen that the SI of the legacy UE may overlap with the TTIs for Rel-12 lean carrier UEs, and in this case the SI may not be decoded correctly by the Node B, because there may be strong interference from Rel-12 lean carrier UEs. From our point of view, the issue will introduce negative impacts on the UL scheduling and network capacity may be also impacted.
Proposal 8: To clarify the impact on UL scheduling of legacy UEs due to the issue of unreliable SI reception at Node B side.
2.2.3 The impacts on mobility procedures for legacy UE
As described in [2], lean carrier are characterised by the absence of CS services (lean carrier is thus a data only carrier), random access, SRBs, SI and only support 2ms PS data.
As shown in figure 3, for a legacy UE not supporting DC-HSUPA operation, it will perform random access, voice services, E-DCH TTI switching and non CELL_DCH activities on legacy carrier, and on lean carrier it will perform uplink data transmission (large PS traffic), so there is a need to switch the UE between legacy carrier and lean carrier.
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Figure 3: Legacy UE on lean carrier operation

In figure 4 and 5, we provide two examples of the “switching” procedure for a legacy UE when PS data is terminated or CS service is initiated.
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Figure 4: The example of legacy UE IFHO when PS data is terminated
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Figure 5: The example of legacy UE IFHO when voice service are initiated
Proposal 9: To clarify the impact on the inter-frequency handover for legacy UE due to lean carrier operation.

3. Conclusion
RAN2 is kindly asked to discuss the following proposals:
Proposal 1: To study the issue of the synchronization and power control for lean carrier operation, and Rel-7 DTX feature is suggested to be took as a comparison.

Proposal 2: To study the inter-cell interference issue of lean carrier with "high RoT" on neighbour cells with "low RoT".

Proposal 3: To study the network capacity issue by introduction of lean carrier to neighbour cells without lean carrier operation.
Proposal 4: To clarify how to allocate grant for re-transmission and evaluate the gain of time-limited grant mechanism.
Proposal 5: To clarify how to allocate initial grant to the UE based on the reported inaccurate UPH.
Proposal 6: To clarify the impacts on DL HS-DSCH scheduling in case of coexistence of legacy UEs and Rel-12 lean carrier UEs.
Proposal 7: To clarify the impact on DPCCH DTX pattern reconfiguration issue.

Proposal 8: To clarify the impact on UL scheduling of legacy UEs due to the issue of unreliable SI reception at Node B side.
Proposal 9: To clarify the impact on the inter-frequency handover for legacy UE due to lean carrier operation.
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