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1 Introduction
When CDRX(Connected mode DRX) was introduced for NB-IoT in Rel-13, the HARQ RTT timer was defined to be terminated with potential extra delay after PUSCH transmission plus 3ms until the next PDCCH occasion, the 3ms is the minimal HARQ delay requirement inherited from LTE from the PUSCH to the PDCCH for the same HARQ process, a PDCCH occasion is the start of a search space and is defined by subframe k0 as specified in clause 16.6 of TS 36.213. This can avoid UE to monitor partial USS(User specific Search Space) after HARQ RTT timer expire when CDRX is on. 
	PDCCH period (pp): Refers to the interval between the start of two consecutive PDCCH occasions and depends on the currently used PDCCH search space, as specified in TS 36.213 [2]. A PDCCH occasion is the start of a search space and is defined by subframe k0 as specified in clause 16.6 of TS 36.213 [2]. The calculation of number of PDCCH-subframes for the timer configured in units of a PDCCH period is done by multiplying the number of PDCCH periods with npdcch-NumRepetitions-RA when the UE uses the common search space or by npdcch-NumRepetitions when the UE uses the UE specific search space. When counting a timer whose length is calculated in PDCCH-subframes, the UE shall include PDCCH-subframes that will be dropped or not required to be monitored as specified in clause 16.6 of TS 36.213 [2]. The calculation of number of subframes for the timer configured in units of a PDCCH period is done by multiplying the number of PDCCH periods with duration between two consecutive PDCCH occasions.


The HARQ RTT Timer definition for both DL and UL are described in 7.7 of TS36.321:

	For NB-IoT, when single TB is scheduled by PDCCH or when multiple TBs are scheduled for the interleaved case when HARQ-ACK bundling is configured the HARQ RTT Timer is set to k+3+N+deltaPDCCH subframes, where k is the interval between the last subframe of the downlink transmission and the first subframe of the associated HARQ feedback transmission and N is the transmission duration in subframes of the associated HARQ feedback, and deltaPDCCH is the interval starting from the subframe following the last subframe of the associated HARQ feedback transmission plus 3 subframes to the first subframe of the next PDCCH occasion.

For NB-IoT, when multiple TBs are scheduled by PDCCH for the non-interleaved case or for the interleaved case when HARQ-ACK bundling is not configured, the HARQ RTT Timer is set to k+2*N+1+deltaPDCCH subframes where k is the interval between the last subframe of the downlink transmission and the first subframe of the first HARQ feedback transmission and N is the transmission duration in subframes of the associated HARQ feedback, and deltaPDCCH is the interval starting from the subframe following the last subframe of the last HARQ feedback transmission plus 1 subframe to the first subframe of the next PDCCH occasion.

Except for NB-IoT and for HARQ processes scheduled using Short Processing Time and for short TTI, UL HARQ RTT Timer length is set to 4 subframes for FDD and Frame Structure Type 3, and set to kULHARQRTT subframes for TDD, where kULHARQRTT equals to the kPHICH value indicated in Table 9.1.2-1 of TS 36.213 [2] if the UE is not configured with upper layer parameter symPUSCH-UpPts for the serving cell, otherwise the kPHICH value is indicated in Table 9.1.2-3.

For NB-IoT, when single TB is scheduled by PDCCH the UL HARQ RTT timer length is set to 4+deltaPDCCH subframes, where deltaPDCCH is the interval starting from the subframe following the last subframe of the PUSCH transmission plus 3 subframes to the first subframe of the next PDCCH occasion.

For NB-IoT, when multiple TBs are scheduled by PDCCH the UL HARQ RTT timer length is set to 1+deltaPDCCH subframes, where deltaPDCCH is the interval starting from the subframe following the last subframe of the PUSCH transmission plus 1 subframe to the first subframe of the next PDCCH occasion.


When twoHARQ feature was introduced, the HARQ RTT timer not considered the difference of USS monitor for UE with and without twoHARQ so the rule of HARQ RTT timer for single HARQ was reused.
2 Discussion

Issues for twoHARQ interaction with CDRX
The major gain of twoHARQ feature is to utilize the gaps between the physical channels(NPDCCH/NPDSCH/NPUSCH) within the HD-FDD principle, for example, usually there are 4 DL subframes gap between the NPDCCH and the NPDSCH, then the 2nd DL HARQ NPDCCH can be scheudled within this gap, which usually in the same USS as the 1st HARQ process. And the NPDSCH of the 2nd DL HARQ process is between the NPDSCH and NPUSCH of the 1st DL HARQ process with respect to at least 1ms to switch from DL to UL, UL twoHARQ feature is similar to utilize the gap between NPDCCH and NPUSCH to schedule another HARQ NPDCCH.

With twoHARQ feature enabled and two HARQ processes scheduled in parallel, the HARQ RTT timer used in CDRX may expire at the different USS since the npusch end time are different, in this case the 1st HARQ can be scheduled again in earlier USS but 2nd HARQ can’t be scheduled when CDRX is on with the restriction of HARQ RTT timer definition. 
Figure 1 is one of the example of this issue, assume on non-anchor carrier so all the subframes can be used for DL scheudling, USS Rmax is 4 and G is 2, so the NPDCCH period is 8ms. The HARQ 0 can be scheduled again in subframe 40, but since the HARQ 1 RTT timer expire at the beginning of subframe 48 and it’s already scheduled with NPDSCH for HARQ 0, so only 1 HARQ can be scheduled and the pattern will continue with single HARQ if there are more DL buffer avaliable.
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Figure 1. DL twoHARQ schedule pattern with CDRX

Observation 1: When twoHARQ and CRDX features are enabled, and the two HARQ processes are scheduled in parallel, HARQ RTT timers may expire at different USS which will lead to only one HARQ process to be scheduled. 
Observation 2: UL twoHARQ has a similar issue as DL caused by the UL HARQ RTT timer definition restriction which will lead to only one HARQ process to be scheduled in some of the scenarios. 
Without CDRX feature the earlest possible scheudle opportunity of 2nd HARQ process in Figure 1 is subframe 42 which has 3ms distance to the last subframe of npusch. Since UE will anyway be able to monitor the whole USS start from subframe 40 to subframe 43, so it’s not necessary to postpone the HARQ RTT timer to the next USS for the 2nd HARQ process when CDRX is on. Figure 2 is one solution to reset the deltaPDCCH to 0 for the 2nd HARQ RTT timer, then it can schedule 2 HARQ in parallel almost similar as without CDRX.
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Figure 2. DL twoHARQ schedule pattern with CDRX and HARQ RTT timer change
Proposal 1: In case two parallel DL HARQ processes are in use and the corresponding HARQ RTT Timers will respectively expire at different UE specific search spaces, the deltaPDCCH resets to 0 in the HARQ RTT Timer corresponding to the DL HARQ process which HARQ feedback transmission end last.
Proposal 2: In case two parallel UL HARQ processes are in use and the corresponding UL HARQ RTT Timers will expire at different UE specific search spaces, the deltaPDCCH resets to 0 in the UL HARQ RTT Timer corresponding to the UL HARQ process which PUSCH transmission end last.
3 Conclusions
In this paper, we discussed on the issue of twoHARQ feature interaction with CDRX we faced in NB-IoT real network. We would like to propose follow changes in TS36.321 7.7:
Proposal 1: In case two parallel DL HARQ processes were in use and the corresponding HARQ RTT Timers will respectively expire at different UE specific search spaces, the deltaPDCCH resets to 0 in the HARQ RTT Timer corresponding to the DL HARQ process which HARQ feedback transmission end last.
Proposal 2: In case two parallel UL HARQ processes were in use and the corresponding UL HARQ RTT Timers will expire at different UE specific search spaces, the deltaPDCCH resets to 0 in the UL HARQ RTT Timer corresponding to the UL HARQ process which PUSCH transmission end last.
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