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Discussion and Decision
1. Introduction
Currently SPS and TTI bundling are not supported in relay node with subframe configuration. In addition there was an effort to list features/functionalities not applicable for the RN [2] and there was no conclusion. 
In this paper we analyze DRX over Un interface and probable impact of DRX on paging. In the past meetings we proposed to allow DRX over Un interface like normal UEs [1] but in this paper we analyzed further and found some issues for supporting DRX like a normal Rel-89 UE, especially when Paging needs to be supported over the Un. 
2. Discussion

In general we think there is no specific reason for DRX not to be supported over Un interface. But due to support of paging a limited functionality of DRX should be supported.

RN must support broadcast of Paging messages received over S1 interface, similar to an eNB, and expected to have almost similar performance.  If RN is allowed to move to DRX due to inactivity then DeNB must schedule S1 messages during the time when RN is awake. This might increase the delay significantly in receiving Paging message from MME if a relay node moves into longer DRX, for example during night time or periods of inactivity. 
eNB in rel-8/9 decides a radio frame to be a paging frame based on:
SFN mod T= (T div N)*(UE_ID mod N)
Since eNB is not aware of presence of idle mode UEs under its coverage, so it can not establish a pattern in advance e.g. for a radio frame to be a paging frame and when will next paging frame occur. More uncertainty is added by the size of TA and DRX period of each UE. This would imply that eNB is normally prepared for each radio frame to be a paging frame. This further implies that RN should be prepared to receive Paging message almost every radio frame over the Un interface.
Normally, Paging delay in normal eNB can be attributed due to (starting from MME) 

TNL delay over S1 interface + eNB processing/scheduling delay + UE DRX period

And Paging delay in case of RN

TNL delay over S1 interface between MME and DeNB + DeNB processing/ scheduling delay + RN DRX period + RN processing/ scheduling delay + UE DRX period.
It seems the only controllable delay is RN DRX period and rest are either dependent on the deployment (e.g. TNL delay) or already considered in the well established mechanism of delivery of paging (UE DRX). Currently maximum DRX period has a value of 2.56 seconds and in worst case scenario an additional delay of 2.56 seconds would result in overall call setup delay to the calling party and this delay is specific to the case when UE is paged under the RN. We therefore propose that: 
Proposal 1: Additional delay in delivering paging message from an RN due to Long DRX cycle is not acceptable.
If such delay is not acceptable then we think one of the options is to allow only short DRX for RN over Un interface. There is also a risk of un-synchronization of RN with the DeNB due to long DRX cycle.
This is different behavior from rel-8/9 UEs where short DRX is FGI (bit 4) and UE is allowed to move to long DRX cycle after short DRX.

 Proposal 2: RN should not be allowed Long DRX cycle over Un interface.
3. Conclusion

We propose RAN2 to discuss and agree on following proposals:
Proposal 1: Additional delay in delivering paging message from an RN due to Long DRX cycle is not acceptable.
.

Proposal 2: RN should not be allowed Long DRX cycle over Un interface.
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36.321:

5.7
Discontinuous Reception (DRX)

The UE may be configured by RRC with a DRX functionality that controls the UE’s PDCCH monitoring activity for the UE’s C-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI and Semi-Persistent Scheduling C-RNTI (if configured). When in RRC_CONNECTED, if DRX is configured, the UE is allowed to monitor the PDCCH discontinuously using the DRX operation specified in this subclause; otherwise the UE monitors the PDCCH continuously. When using DRX operation, the UE shall also monitor PDCCH according to requirements found in other subclauses of this specification. RRC controls DRX operation by configuring the timers onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimer (one per DL HARQ process except for the broadcast process), the longDRX-Cycle, the value of the drxStartOffset and optionally the drxShortCycleTimer and shortDRX-Cycle. A HARQ RTT timer per DL HARQ process (except for the broadcast process) is also defined (see subclause 7.7).

When a DRX cycle is configured, the Active Time includes the time while: 

-
onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimer or mac-ContentionResolutionTimer (as described in subclause 5.1.5) is running; or

-
a Scheduling Request is sent on PUCCH and is pending (as described in subclause 5.4.4); or

-
an uplink grant for a pending HARQ retransmission can occur and there is data in the corresponding HARQ buffer; or

-
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 (as described in subclause 5.1.4).

When DRX is configured, the UE shall for each subframe:

-
if a HARQ RTT Timer expires in this subframe and the data in the soft buffer of the corresponding HARQ process was not successfully decoded:

-
start the drx-RetransmissionTimer for the corresponding HARQ process.

-
if a DRX Command MAC control element is received:

-
stop onDurationTimer;

-
stop drx-InactivityTimer.

-
if drx-InactivityTimer expires or a DRX Command MAC control element is received in this subframe:

-
if the Short DRX cycle is configured:

-
start or restart drxShortCycleTimer;

-
use the Short DRX Cycle.

-
else:

-
use the Long DRX cycle.

-
if drxShortCycleTimer  expires in this subframe:

-
use the Long DRX cycle except for RN.

-
If the Short DRX Cycle is used and [(SFN * 10) + subframe number] modulo (shortDRX-Cycle) = (drxStartOffset) modulo (shortDRX-Cycle); or

-
if the Long DRX Cycle is used and [(SFN * 10) + subframe number] modulo (longDRX-Cycle) = drxStartOffset:

-
start onDurationTimer.

-
during the Active Time, for a PDCCH-subframe, if the subframe is not required for uplink transmission for half-duplex FDD UE operation and if the subframe is not part of a configured measurement gap:

-
monitor the PDCCH;

-
if the PDCCH indicates a DL transmission or if a DL assignment has been configured for this subframe:

-
start the HARQ RTT Timer for the corresponding HARQ process;

-
stop the drx-RetransmissionTimer for the corresponding HARQ process.

-
if the PDCCH indicates a new transmission (DL or UL):

-
start or restart drx-InactivityTimer.

-
when not in Active Time, SRS shall not be reported.

-
if CQI masking (cqi-Mask) is setup by upper layers:

-
when onDurationTimer is not running, CQI/PMI/RI on PUCCH shall not be reported.

-
else:

-
when not in Active Time, CQI/PMI/RI on PUCCH shall not be reported.

Regardless of whether the UE is monitoring PDCCH or not the UE receives and transmits HARQ feedback when such is expected.

NOTE:
A UE may optionally choose to not send CQI/PMI/RI reports on PUCCH and/or SRS transmissions for up to 4 subframes following a PDCCH indicating a new transmission (UL or DL) received in the last subframe of active time. The choice not to send CQI/PMI/RI reports on PUCCH and/or SRS transmissions is not applicable for subframes where onDurationTimer is running.





























































