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1   Introduction
At RAN2#72 meeting, two possible TDM solutions were discussed, i.e. the semi-statically (DRX based solution) and the dynamic solution [1] [2] [3] [4]. The DRX based solution is thought to be the most promising direction for in-device co-existence. However following open issues still need to be resolved: 

- Beacon handling 
- How is eNB aware of ending time?

- UE not transmitting during some periods

In this contribution, we analyse the open issues and provide the corresponding text proposal. 
2   Discussion

2.1    How is the eNB aware of the ending time?

The issue was raised in the meeting of how the eNB can know the LTE ON period should be ended at a correct moment in time in order to satisfy the ISM service’s requirement? We think it is related to the issue how the eNB designs the suitable DRX mechanism for the UE.  Following factors may impact the eNB decision:

-
Expected pattern requirement; 

It can be used to let the eNB know how long the scheduling period and the unscheduled period are.

-
Beacon reception time;

It is only used for WiFi offload case in order to let the eNB know where the beacon reception time is.

-
UE LTE service QoS requirement;

It can be used by the eNB to decide if the scheduling/unscheduled period (Expected pattern requirement) requested by the UE is suitable or not. If the scheduling period can not satisfy the LTE service QoS requirement, the eNB should modify the scheduling/unscheduled period requested by the UE
-
The situation of resource utilization of the Cell;

It can be used by the eNB to decide the start time of the scheduling/unscheduled period. Also it can be used to check if the length of the scheduling period requested by the UE can be satisfied in current cell.
With the above information, the eNB can design the suitable DRX configuration for the UE. Also the eNB can know when the ON period should be ended.  
From above analysis, we think following assistance data from the UE are sufficient for TDM solution:

-
Expected pattern requirement;

-
Beacon reception time (only for WiFi offload case);

Therefore, we propose that:

Proposal 1: with the assistance data from the UE, the eNB can know when the ON period should be ended.

Proposal 1bis: Capture assistance data “Expected pattern requirement” and “Beacon reception time” into TR.

2.2   The scheduling efficiency for WiFi offload case 

As described in [8], the pattern requirement on WiFi offload is:

-
The scheduled and unscheduled periods should typically be not more than [40-100] ms.

For the DRX based solution, the LTE scheduling period and unscheduled period are achieved by suitable DRX configuration. The STA of UE uses the unscheduled period to send or receive the WiFi data. However, the activity of WiFi service is determined by both STA and WiFi AP. Without any change, the WiFi AP has no idea on the unscheduled period provided by LTE system. Therefore, it is possible that the WiFi AP schedules the UE STA out of the unscheduled period. In this case, data loss will occur. 

To resolve this issue, the UE need report the scheduling requirement of the WiFi to the eNB dynamically. However, this would impact the LTE scheduling mechanism severely. Currently, the eNB schedules the UE based on LTE service requirement and situation of the system resources.  The eNB control all resources itself, so it is easy to maximize the efficiency of resource utilization. If we adopt a dynamic solution, which means many UEs can possibly ask resources at the same time by themselves and this will impact the efficiency of resource utilization and QoS. Ultimately, it will impact UE’s LTE experience.

Based on above analysis, we think from LTE perspective only, it is impossible to have the perfect solution to ensure the transmission/reception of WiFi at any time. Therefore we prefer not to guarantee the performance of WiFi when its transmission/reception is out of the LTE unscheduled period.
Proposal 2: It is not necessary to guarantee the performance of WiFi when its transmission/reception is out of the LTE unscheduled period.
In the following sections, we further discuss the open issues on the DRX based solution. 
2.3   The beacon handling
As described in [8], the beacon reception issue only exists in WiFi offload case. In this section, we analyse the worst case, i.e. the beacon reception occasion falls into the active time. The analysis of the case when the beacon reception falls in the DRX sleeping time is in 2.4.

The beacon reception is important because it is used to maintain the synchronization of the local timers in the stations and delivers protocol related parameters. The most general pattern of WiFi beacon is about 3ms-long burst with 102.4ms period [2]. If wireless medium is busy, a delay of the beacon frame may occur. The mean beacon frame delays is up to 250 us and the maximal delay can be around 4.9ms in 802.11a in the worst case [3] [4]. It is no harm for the UE to miss the beacon reception with maximal delay 4.9ms because it is rare case.  Therefore, 4ms is sufficient for the beacon reception.
For LTE band40:

We investigate the TDD LTE based on TDD UL-DL allocation configuration 3. 
The best case is that the beacon reception can completely overlap the DL subframes during the DRX active time as the right case of figure 2. There is no impact on the UE and the eNB. 
In the left of figure 1, the beacon reception time conflicts with all UL subframes highlighted in red during the DRX active time. To avoid that the UE loses synchronization with WiFi AP, the eNB needs to avoid scheduling the UE’s UL transmission in the UL subframes highlighted in red. Also to avoid the UL transmission for ACK/NACK, the eNB should avoid DL transmission in the subframes which will cause the corresponding UL ACK/NACK transmission in the beacon reception time. For HARQ retransmission, it is analysed in 2.4.
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Fig 1: WiFi beacon reception in the DRX active time
For LTE FDD band 7:
The eNB needs to avoid scheduling the UE’s UL transmission in the beacon reception time. Also to avoid the UL transmission for ACK/NACK, the eNB should avoid DL transmission in the subframes which will cause the corresponding UL ACK/NACK transmission in the beacon reception time. That is the eNB should avoid scheduling/transmission in 4 subframes from (N-4) to N-1. Here, N is the beacon reception time. For HARQ retransmission, it is analysed in 2.4.
From above analysis, we can conclude that the beacon reception issue in DRX active time can be resolved by the scheduling policy:

· The eNB should avoid scheduling the UE’s UL transmission in the beacon reception time;
· The eNB should avoid DL transmission in the subframes which will cause the corresponding UL ACK/NACK transmission in the beacon reception time.
Proposal 3: The beacon reception issue in DRX active time can be resolved by below scheduling policy:
· The eNB should avoid scheduling the UE’s UL transmission in the beacon reception time;
· The eNB should avoid DL transmission in the subframes which will cause the corresponding UL ACK/NACK transmission in the beacon reception time.

2.4   UE not transmitting during some periods
In last meeting, there were some analyses on this topic in [9].  According to the current specification, SR/RACH may be sent due to UL data arrival. Also HARQ operation related to data transmission is independent of DRX operation.

In the following, we analyse UL data arrival and HARQ operation separately.

UL data arrival can be split into below parts:

· SRB data (e.g. MeasurementReport, ULInformationTransfer)

The MeasurementReport is important for the Handover performance. It is also important for the LTE performance if ULInformationTransfer is used to contain “Service request”, e.g. CSFB service. Therefore, the priority of SR/RACH for these cases is higher than ISM service.  
Observation 1: The SR/RACH for SRB should be allowed in the DRX sleeping time. 
· DRB data

The DRB data may be used for:

· Latency sensitive service, e.g. Real time gaming;
· IMS signalling, e.g. for Call setup;

· Non-latency sensitive service;

For latency sensitive service and IMS signalling for call setup, it would be better to allow the UE to transfer such data in DRX sleeping time otherwise it will impact user experience severely. For Non-latency sensitive service, it is no harm to postpone such data to the next active time.

For SR/RACH transmission issue, it is better to specify the UE behaviour in sleeping time in order to guarantee LTE/ISM performance as much as possible. There are three ways:

· It is left to the UE’s implementation;

It is difficult to control the UE’s behaviour if we adopt this solution. Different vendor may have different understanding. Therefore, it is not desirable.

· Specify in which case the UE should send SR/RACH; 
For SRB, it is easy to do so. However, it is difficult for us to list all cases for DRB. Even if we can list all cases at this moment, it may be change quickly in the future. On the other hand, it is difficult for the UE to realize it in MAC layer without cross-layer interaction.
· Controlled by network;

The network knows how to satisfy the LTE performance clearly. For DRB case, the network may indicate which type of service is more important, i.e. the SR/RACH for which DRB should be allowed in the DRX sleeping time is indicated by the network. However, the details are FFS. 

For HARQ operation, similar to UL data arrival, it also can be caused by SRB or DRB data retransmission. Therefore, it is desirable to have different solutions for different cases. Therefore, we propose that:

Proposal 4: SR/RACH/HARQ retransmissions for SRB should be allowed in the DRX sleeping time.

Proposal 5: RAN 2 is kindly asked to discuss how to control UE’s SR/RACH/HARQ retransmission for DRB. 
2.5   Realization of TDM pattern based on DRX mechanism
Based on the existing DRX mechanism, the scheduling period is corresponding to the DRX active time and the unscheduled period is corresponding to the DRX sleeping time. The eNB should control the scheduling period’s time, the unscheduled period’s time, and the whole DRX cycle according to the assistance data provided by the UE  and the UE LTE service QoS / the resource utilization of the Cell,

At every DRX cycle:
-
The eNB decides when to stop scheduling the UE, and may use the DRX command in order to start the unscheduled period without the use of the inactivity timer. The rule on when to stop scheduling the UE is similar to UL transmissions in the DRX sleeping time and the beacon handling:
-
The UE LTE part should provide information to the WiFi part, including the unscheduled period start and end times.

From above analysis, we think the DRX mechanism is the suitable solution. Therefore we propose that:

Proposal 6: Adopt the DRX mechanism as baseline for TDM solution. The scheduling and unscheduled periods can be realized by suitable DRX parameters configuration and scheduling policy.
3   Conclusion
In this contribution, we investigated the open issues relative to the DRX based solution and propose:

Proposal 1: with the assistance data from the UE, the eNB can know when the ON period should be ended.

Proposal 1bis: Capture assistance data “Expected pattern requirement” and “Beacon reception time” into TR.

Proposal 2: It is not necessary to guarantee the performance of WiFi when its transmission/reception is out of the LTE unscheduled period.
Proposal 3: The beacon reception issue in DRX active time can be resolved by below scheduling policy:

· The eNB should avoid scheduling the UE’s UL transmission in beacon reception time;

· The eNB should avoid DL transmission in the subframes which will cause the corresponding UL ACK/NACK transmission in the beacon reception time.

Proposal 4: SR/RACH/HARQ retransmissions for SRB should be allowed in the DRX sleeping time.

Proposal 5: RAN 2 is kindly asked to discuss how to control UE’s SR/RACH/HARQ retransmission for DRB.
Proposal 6: Adopt the DRX mechanism as baseline for TDM solution. The scheduling and unscheduled periods can be realized by suitable DRX parameters configuration and scheduling policy.
The corresponding text proposal is provided below capturing above proposals. 
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5   Text proposal

5.2.1.2
TDM solutions

SCO, eSCO, A2DP and ACL protocols are assumed to be supported by in-device BT radio when analyzing the TDM solutions for LTE-BT coexistence. Beacon, power saving and DCF protocols are assumed to be supported by in-device WiFi radio when analyzing the TDM solutions for LTE-WiFi coexistence.

5.2.1.2.1
Assistance data provided by the UE
The UE signals following assistance data to the eNB:

-
Expected pattern requirement;

-
Beacon reception time (only for WiFi offload case).
With the above assistance data, the eNB can design the suitable TDM patterns (scheduling/unscheduled periods) based on the UE LTE service QoS and the resource utilization of the Cell, 

5.2.1.2.2
DRX solution for the TDM patterns realization

With assistance data from the UE, the scheduling and unscheduled periods can be realized by suitable DRX parameter configuration and scheduling policy in the eNB. The scheduling period is corresponding to the DRX active time and the unscheduled period is corresponding to the DRX sleeping time.  
At every DRX cycle:
-
The eNB decides when to stop scheduling the UE, and may use the DRX command in order to start the unscheduled period without the use of the inactivity timer. The rule is similar to UL transmissions in the DRX sleeping time and the beacon handling in the DRX active time;
-
The UE LTE part should provide information to the WiFi part, including the unscheduled period start and end times.
In the DRX active time, the beacon reception issue can be resolved by following scheduling policy:

-
The eNB should avoid scheduling the UE’s UL transmission in the beacon reception time;

-
The eNB should avoid DL transmission in the subframes which will cause the corresponding UL ACK/NACK transmission in the beacon time.
In the DRX sleeping time:
-
SR/RACH/HARQ retransmissions for SRB should be allowed;

-
The details for DRB are FFS.
Editor’s note: The detail of this solution needs further study.
Editor’s note: For WiFi offload case, the performance of WiFi can not be guaranteed when its transmission/reception is out of the LTE unscheduled period. 
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