
3GPP TSG RAN WG2 Meeting #72bis
R2-110206
Dublin, Ireland, January 17th – 21st, 2011
Source:
CATT 
Title:
Difference between the TDM solution and LTE DRX
Agenda Item:
7.8.3
Document for:
Discussion and Decision
1. Introduction
In the last meeting it was agreed that the TDM solution should be a DRX based approach. This contribution gives our consideration on the difference between the TDM solution for ICO and LTE DRX mechanism and how the TDM solution works.
2. Discussion
Some guidelines of TDM solution for three usage scenarios are stated in TR 36.816. The length of the scheduling period and unscheduled period should be less than some specific values and large enough for reasonable operation of the LTE and ISM timelines. Based on the TDM characteristic, some questions are given on how to apply the DRX mechanism to meet the TDM requirement and some questions are given on the special WiFi requirement on TDM solution.
2.1. Questions from LTE DRX mechanism
In LTE DRX operation, the length of the active time is variable and UE may monitor the PDCCH continuously in the whole DRX cycle.  In other words, the active time of LTE DRX is not consistent strictly with the unscheduled period in ICO TDM solution, which is one of the main differences compared with LTE DRX. Hence, to make the DRX active/inactive time to be consistent with the TDM scheduling/unscheduled period, there should be some extra actions to stop the DRX active time timely and guarantee the expected length of unscheduled period in TDM.
The LTE DRX mechanism consists of the maintenance of a series of DRX timers and the consideration on some special cases. In the following part, discussion is first focused on how the eNB and the UE controls the scheduled period in DRX cycle with DRX timers, and then the analysis is given on how to apply the specific cases of active time in the TDM solution one by one.

Question 1: How to guarantee the unscheduled period with DRX timers?

To ensure enough length of the scheduled period and the unscheduled period, the eNB should stop the active time if necessary. And the UE should take actions to stop active time if it can’t be stopped by eNB alone.
eNB could stop scheduling the UE while the unscheduled period is coming and send a DRX command MAC CE to stop onDurationTimer and drx-InactivityTimer running.. But for the potentially downlink retransmission, when a DL transmission is ongoing, the UE will start/restart the HARQ RTT Timer and drx-RetransmissionTimer until the DL transmission decoded correctly. The eNB can’t stop the active time unilaterally. Hence if the UE knows the unscheduled period is coming, it will stop ongoing DL retransmissions to avoid triggering/retriggering drx-RetransmissionTimer by some method such as sending ACK for the ongoing DL transmission.

From above discussion, the length of the scheduling period and unscheduled period can be guaranteed by eNB and UE implementation with DRX timers without considering the specific cases of the active time. ENB and UE need to know the probable boundary between the scheduling period and the unscheduled period to stop the scheduling period timely.

Proposal 1: ENB and UE need to know the probable boundary between the scheduling period and the unscheduled period to stop the scheduling period timely.

Except for DRX timer operation, the active time includes following specific cases.
· The occasions of possible uplink grant for a pending HARQ retransmission;

· SR transmission;

· HARQ feedbacks occasions for ongoing transmissions;

· Measurement.

In ICO TDM solution, whether the UE could work in LTE mode in these cases as same as DRX operation needs to be analyzed case by case.

Question 2: Whether the UE should monitor the PDCCH while an uplink grant for a pending HARQ retransmission can occur?

In LTE DRX, the UE monitors the PDCCH while an uplink grant for a pending HARQ retransmission can occur and there is data in the corresponding HARQ buffer. This rule ensures the UL tranmission performance.

In TDM for ICO, if the subframe in which an uplink grant for a pending HARQ retransmission can occur is included in the scheduling period, a transmission gap will occur in the unscheduled period as the black dashed boxes within the unscheduled period in the Figure 1. Furthermore, to avoid the scheduled UL retransmission interfering with WiFi receiver, the subframe in which UL retransmission can occur should be included in the scheduling period too as the red dashed boxes within the unscheduled period in the Figure 1. Thus more transmission gaps occur in the unscheduled period. Obviously the transmission performance of WiFi will be impaired by these short transmission gaps.

On the contrary, if the occasion of the uplink grant for a pending HARQ retransmission is included in the unscheduled period and therefore prohibit LTE UE monitoring PDCCH, the LTE UL packet would be lost if it wasn’t decoded correctly during the scheduling period.

As we known, the in-device coexistence interference is defined as when transmitting in one frequency band interferes with receiving in another, within the same UE. As labelled by the green ellipse in the Figure 1, the in-device interference may occur only when the WiFi sends UL tranmission in the subframe that LTE UE monitors PDCCH or the WiFi receives DL tranmission in the subframe that LTE sends scheduled UL retransmission.

Therefore a compromise is to include the occasion of the UL grant for a pending HARQ retransmission in the WiFi mode period and left to UE implementation to decide whether the LTE UE monitors PDCCH or not. Correspondingly the eNB could schedule the UL retransmission in these subframes for the UE may receive the PDCCH.
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Figure 1 Possible in-device interference

Proposal 2: Whether monitor the PDCCH or not while an uplink grant for a pending HARQ retransmission can occur is left up to UE implementation. Correspondingly the eNB could schedule the UL retransmission in these subframes.

Question 3: Whether the UE sends SR during the inactive time?

In LTE DRX, UE can send SR in the inactive time and enter active time subsequently. It extends the active time greatly. There are three options about SR in the TDM for ICO.

· Option 1: Prohibit SR transmission during inactive time.

In option 1, the unscheduled period can't be occupied by LTE due to UL data arrival in LTE UE. The WiFi transmission performance will not be impacted. However, if the SR is triggered by some high priority data such as UL measurement report, the negative impact on the LTE transmission may be intolerable. As stated in TR 36.816, the length of the unscheduled period can be 100 ms. If the UL measurement report can't be sent in 100 ms, the handover reliability is difficult to be guaranteed.
· Option 2: Allow SR transmission during inactive time.

In option 2, the length of the unscheduled period can't be guaranteed because the SR due to LTE UL data arrival can't be predicted.
· Option 3: Allow partial SR during inactive time.

Option 3 is a compromise between the option 1 and the option 2. In most cases, the WiFi transmission performance can't be impacted by the LTE SR. However, we think the LTE connection should be kept  and the LTE handover reliability should be guaranteed even in the TDM solution. Hence the triggered SR due to UL measurement report should be transmitted during inactive time and UE should enter scheduling period subsequently.

Comparing the three options, we think the option 3 is more reasonable and guarantees the LTE and WiFi transmission performance to the most extent.

Proposal 3: It is proposed to consider some restriction on the SR transmission, e.g. SR trigger due to some special priority UL data arrival.
Question 4: Whether the UE receives/transmits HARQ feedback during the unscheduled period?

This issue is similar to the question 2 in which an uplink grant for a pending HARQ retransmission can occur.

Similar to the discussion about question 2, the in-device coexistence interference should occur only when the LTE UE receives HARQ feedback while WiFi transmits data to peer equipment or the LTE UE transmits HARQ feedback while WiFi receives data from peer equipment. If prohibiting HARQ feedback during unscheduled period at all, the LTE transmission performance will be impacted. We think the smart UE can judge whether the in-device interference should occur or not in the subframe for HARQ feedback. Hence it's better to leave to UE implementation to decide whether the HARQ feedback should be received/ transmitted. 

Proposal 4: Whether receive/transmit HARQ feedback during the unscheduled period is up to UE implementation.
Question 5: Whether the UE performs measurement during the unscheduled period?

If the UE is prohibited to perform measurement during the whole unscheduled period, the measurement performance will be impaired. As we known, measurement is important to many LTE operations such as handover decision. Actually the measurement is inaccurate only when the WiFi sends UL transmission in the same subframe that the UE performs measurement. The UE can get accurate measurement result during the unscheduled period when the WiFi is mute or receives DL transmission.

Proposal 5: Whether perform measurement during the unscheduled period is up to UE implementation.
2.2. Questions from WiFi
There are some issues comes from the WiFi operation.

Question 6: How to receive beacon?
If the beacon only occurs in inactive time, the WiFi will listen to beacon in the unscheduled period naturally. However, if the beacon can occur in active time, such as the time duration during which the drx-InactivityTimer or the drx-RetransmissionTimer is running, it is necessary to clarify how the UE works.

The occasion of possible beacon may last several subframes and the eNB can't predict it in detail. In some scenarios, the WiFi terminal is allowed to miss some beacon occasion. Even when the UE need to receive the beacon, the beacon and LTE DL transmission can happen in the same subframe. So we think that the UE can decide when to stop the LTE if necessary and to listen to the beacon.

Proposal 6: Whether receive beacon during scheduling period is up to UE implementation.

Question 7: Whether the UE needs to notify the ending time of WiFi to the eNB?

With LTE DRX operation, the UE enters inactive time which could be unscheduled period while LTE transmission is ended. Then if the WiFi transmission is ended during the unscheduled period, it's better to notify the eNB so that LTE transmission can be recovered subsequently. This method is more useful when the predicted unscheduled period is long such as 100 ms.

A simple solution for UE to notify the eNB the end of the WiFi transmission is to initiate a SR procedure.

Proposal 7: UE could send SR to eNB while the WiFi transmission is ended.
3. Conclusion
In this contribution, we discuss the difference between TDM for ICO and LTE DRX. With detail analysis, we think in most cases the eNB and the UE can apply the DRX rules in the TDM solution without specification impacts. However, two issues which may impact the specifications need to be considered further.

· Issue 1: The SR transmission due to special high priority UL data arrival such as UL measurement report during the inactive time.

· Issue 2: The notification to the eNB that the WiFi transmission is ended.

The detail proposes are listed as below.
Proposal 1: ENB and UE need to know the probable boundary between the scheduling period and the unscheduled period to stop the scheduling period timely.

Proposal 2: Whether monitor the PDCCH or not while an uplink grant for a pending HARQ retransmission can occur is left up to UE implementation. Correspondingly the eNB could schedule the UL retransmission in these subframes.

Proposal 3: It is proposed to consider some restriction on the SR transmission, e.g. SR trigger due to some special priority UL data arrival.
Proposal 4: Whether receive/transmit HARQ feedback during the unscheduled period is up to UE implementation.
Proposal 5: Whether perform measurement during the unscheduled period is up to UE implementation.
Proposal 6: Whether receive beacon during scheduling period is up to UE implementation.

Proposal 7: UE could send SR to eNB while the WiFi transmission is ended.
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