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1. Introduction

In the last meeting, it is brought by several contributions that the gap-like mechanism can resolve the need of enhancement of the DRX mechanism for IDC TDM solution.
In this contribution, we further look into the issue and put our view.

2. Discussion
In both DRX and gap type mechanism for IDC TDM solution, a pattern is created by the eNB scheduler such that there are scheduled periods/intervals where LTE will be transmitted or received and unscheduled periods/intervals where ISM will be transmitted or received. In the following, we look at how the DL and UL LTE transmissions are restricted within the scheduled period for the DRX and gap-type mechanisms.  
2.1 HARQ transmissions and retransmission
2.1.1 DRX mechanism

In the DL, the DL transmissions can be restricted to the scheduling period by one or both of the methods below:

· eNB scheduler ensuring that all the transmissions and retransmissions are well within the scheduling period
· Use the MAC CE to force the UE into DRX and setting the drx-RetransmissionTimer to 0

In the UL, the UL transmissions can only be restricted to the scheduling period by the eNB scheduler. This means that in the case of long term gap pattern, all transmissions and retransmissions will have to be done within the scheduling period which means that the amount of scheduling opportunities is reduced. The amount of reduction depends on the maximum UL HARQ retransmissions configured. In the short term gap pattern, the pattern follows the HARQ pattern on the UL to ensure that there is no possible pending UL grant for retransmission.

Observation#1:  In the case of long term gap pattern, the eNB will have to complete all UL retransmissions within the scheduled period and may not be able used all the scheduling opportunities within the ON-Duration. The amount of reduction in scheduling opportunities depends on the maximum UL HARQ retransmissions configured but this may affect the transmission quality which will have to be handled by RLC.  In the case of short term gap pattern, pattern conforming to UL and DL HARQ needs to be used.

2.1.2 Gap-like mechanism

In the DL, the HARQ is asynchronous and the eNB can ensure that the PDCCH for UL transmissions, DL transmissions and retransmissions will not be in the gap. If the DL A/N is in the gap, UE will not transmit the DL A/N and it is left to eNB implementation on how to deal with this (e.g. retransmit after the HARQ RTT etc. and when it is in non-gap period). As long as the gap pattern is known to the eNB, the eNB will be able to handle the retransmissions. 
In the UL, rules were specified on how the UE needs to behave when there is a measurement gap either on the TTI of the UL transmissions or UL HARQ feedback (i.e. they are not transmitted). Hence no further UE behaviour needs to be specified or changed. Again, as long as the gap pattern is known to the eNB, the eNB will know what to expect from the UE and perform the appropriate action.  
In both UL and DL case, there are no further eNB behaviour and no further change in UE behaviour to ensure that the gaps are not used by the UE for LTE.
In the case of short term gap pattern, any gap pattern can be used but non UL and/or DL HARQ pattern may result in unnecessary DL retransmissions and PDCCH usage to allocate UL grant for UL retransmission.

Observation#2: Gap mechanism already ensures that the UL transmissions are not transmitted during gaps. DL transmissions and retransmissions are under the control of the eNB.

Summary#1:   For HARQ transmission and retransmission, no DRX enhancement (other than providing extra value of 0 to drx-RetransmissionTimer and drx-InactivityTimer) is needed for IDC. However, to prevent the UE from transmit or receive during the unscheduled period, scheduling opportunities may be reduced. The existing measurement gap mechanism works nicely for IDC.
2.2 RACH

2.2.1 DRX mechanism
In current DRX operation, there are the following 2 points which will keep the UE awakes to monitor the PDCCH subframes:
· mac-ContentionResolutionTimer is running

· a PDCCH indicating a new transmission addressed to the C-RNTI of the UE has not been received after successful reception of a Random Access Response for the preamble not selected by the UE

If RACH occurs while IDC issue is ongoing, the UE may continue to monitor PDCCH subframes after Msg3 transmission for the contention based RACH or after Msg2 for the contentionless based RACH during the unscheduled period. During the SI phase, it is suggested to delay the RACH to the next ON-duration. This delay maybe possible for the long term gap pattern but not so for the short term gap pattern.
RACH is mainly performed for handover, RRC Connection re-establishment and UL out-of-sync. For these cases (particularly handover and re-establishment), ISM denial should be used to ensure that the procedures are completed without delay.  Furthermore, in the case of re-establishment, the DRX configuration will be released by default.
Observation#3: For RACH, DRX enhancement is required if ISM denial cannot be used.
2.2.2 Gap mechanism

According to the following statements, the UE would continue to monitor the PDCCH for the reception of RAR and for contention resolution even during gaps:
· Reception of RAR

Once the Random Access Preamble is transmitted and regardless of the possible occurrence of a measurement gap, the UE shall monitor the PDCCH of the PCell for Random Access Response(s) identified by the RA-RNTI defined below, in the RA Response window which starts at the subframe that contains the end of the preamble transmission [7] plus three subframes and has length ra-ResponseWindowSize subframes.
· Contention resolution

Once Msg3 is transmitted, the UE shall:

- start mac-ContentionResolutionTimer and restart mac-ContentionResolutionTimer at each HARQ

retransmission;

- regardless of the possible occurrence of a measurement gap, monitor the PDCCH until mac-ContentionResolutionTimer expires or is stopped;
Hence, for the gap mechanism, the pattern will also be made unpredictable because of the above behaviour. Again ISM denial should be used, particularly in the case of handover and re-establishment.
Observation#4: Some enhancement is also required for the gap mechanism to handle RACH

Summary#2: There is no difference between gap and DRX mechanism on the need to handle RACH.

2.3 SR
2.3.1 DRX mechanism
According to the MAC spec, the UE will be in active time after sending the scheduling request on PUCCH until the UL grant is provided which can accommodate a BSR which contains buffer status up to (and including) the last event that triggered a BSR or when the UL grant(s) can accommodate all pending data available for transmission. Hence if the SR is transmitted during DRX or unscheduled period, the UE will be awake to monitor the PDCCH subframes.
For the long term gap pattern, the SR resources can always be configured during the scheduled period and the eNB has to ensure that UL grant is provided within the scheduled period. However, this is a further restriction for the PUCCH resource allocation by the eNB. For the short term gap pattern, there are some slave mode of the TDD configurations in which there will not be any UL subframe follows by PDCCH subframes (e.g. slave mode of the universal pattern of TDD Config 1, 3 etc.). In these cases, the eNB will have to not configure SR resources and use preallocation method (e.g. SPS) and/or use SR masking. All these add unnecessary constraints to the eNB implementation.

Observation#5: To prevent SR from being sent during the unscheduled period, it requires eNB to constrain on the SR allocation and use preallocation method and/or SR masking.
2.3.2 Gap mechanism
According to the MAC spec, the SR will not be sent if it is in the same TTI as the measurement gap.
Summary#3: No enhancement is probably needed for DRX mechanism to prevent SR reporting but may require eNB to constrain on the SR resource allocation. On the other hand, the gap mechanism works nicely.
2.4 Other issues
2.4.1 CSI reporting and measurement
For the DRX mechanism to prevent CSI reporting during the unscheduled period, CQI masking can be used to restrict the CSI reporting to the ON-Duration. However, this will mean that for the short term gap pattern, there will never be any CSI reporting as none of the UL subframes in which UL LTE transmission is allowed will be in the DRX active time. In these cases, aperiodic CSI reporting will have to be used.  
For the gap mechanism, CSI reporting is not transmitted if it is in the same TTI as the gap. However, this does not result in no CSI being reported like in the DRX case for the short term gap pattern as the CSI reports can be sent in the non-gap period.
As on the periodic CQI measurement, the UE will have to take the measurement where there is a valid DL subframe (not including gap). For the aperiodic CQI measurement, the UE will take the measurement on the DL subframe where CSI request is sent on the PDCCH. Hence, there is no issue for both DRX and gap mechanism.

Observation#6: For DRX mechanism, further restriction is imposed on the eNB on how to configure the CSI reporting. There is no such restriction for the gap mechanism.
2.4.2 SRS reporting

For the DRX mechanism, the periodic SRS is only sent during the DRX active time.  Like in the CSI reporting, none of the UL subframes in which UL LTE transmission is allowed will be in the DRX active time for the short term gap pattern. In this case, the aperiodic SRS will have to be used.
For the gap mechanism, the periodic SRS is not transmitted during gaps. Hence there is still the possibility to use periodic SRS if gap mechanism is used in the case of short term gap pattern.
Observation#7: For DRX mechanism, further restriction is imposed on the eNB on how to configure the SRS reporting. There is no such restriction for the gap mechanism.

2.4.3 RRM measurement

For the DRX mechanism, RAN 4 defines the measurement performance that the UE has to conform with and how the UE meet the requirement is left to UE implementation (i.e. wake up during DRX to sample measurement). For IDC, it may not be able to take this sample during DRX because they may be affected by IDC and may affect the UE from meeting the RAN4 measurement performance.

For the gap mechanism, the measurement performance for intra-frequency measurement is relaxed naturally by the way RAN 4 takes into account of the gap in the formula of measuring the number of cells. If inter-frequency and inter-RAT measurements need to be performed while gap is used for IDC, it can probably be left to UE implementation how to use the gaps.   
Observation#8: For DRX mechanism, it may affect the UE from meeting the RAN4 measurement performance.  No such problem with the gap mechanism 

Based on the above observations and summaries between DRX and gap mechanisms, it seems like the gap mechanism has less issues or restrictions imposed on the UE and the eNB. On the other hand, the DRX mechanism without any enhancement has some limitations as provided in the observations.  Between gap mechanism and DRX mechanism with enhancement, our preference is to go with:
Proposal#1: Gap type mechanism should be used as the TDM solution for IDC problem.

In the case of RACH handling for the gap mechanism, we prefer a simple solution of ISM denial
Proposal#2: ISM denial should be used for RACH handling.

3. Summary

It is requested that RAN2 discuss the proposals:

Proposal#1: Gap type mechanism should be used as the TDM solution for IDC problem.

Proposal#2: ISM denial should be used for RACH handling.
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