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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Uplink and downlink transmission gaps were discussed in RAN1 NB-IoT ad hoc #2. Both issues were left to email agreement. For UL gaps the email agreement was:
 RAN1 agreements:
Introduce uplink transmission gaps for long uplink (i.e. NB-PUSCH/NB-PRACH) transmissions. 
–      During uplink transmission gaps, the UE may switch to the DL and performs time/frequency synchronization
–      Uplink transmission gap is defined by a period X and a gap length Y.  
•       A minimum period Xmin is defined in the specifications
•       FFS whether other periods X > Xmin are defined
•       Y > 0
•       All uplink transmissions of duration greater than or equal to X msec applies transmission gap with gap length Y and periodicity X until the uplinkNB-PUSCH transmission completes
–      The values of the period X and gap length Y are:  
•       Alt-1: Defined in the specifications

For downlink gaps the email agreement was:

1.       “FFS how the UE knows its coverage level for the purpose of knowing which gap configuration applies, if any”
Proposal:
        For RACH Msg2 and Msg4, the UE knows its gap configuration according to R_NPDCCH_max configuration of the CSS for Msg2 (i.e., RAR) transmission. This is also the default gap configuration for DL transmission after Msg4.
        For DL transmissions after Msg4, the UE knows its gap configuration according to the UE-specific R_NPDCCH_max configuration. In case there is no R_NPDCCH_max configuration, the UE uses the default gap configuration.
 
2.       “Exact subset is FFS”
Proposal:
         The subset is: {Gap starting point periodicity, Gap size}.  
         Gap configuration provides indication on if the DL transmission gap is enabled or disabled.
         {Gap starting point periodicity, Gap size} is signaled jointly.
         When Gap size = 0, DL transmission gap is disabled.
         Gap starting point is defined over absolute subframe number.
 
3.       “FFS how many gap configurations are needed”
Proposal:  
         At least one threshold X1 is defined, and correspondingly one gap configuration can be signaled for R_NPDCCH_max >= X1;
         Decide till RAN1#84bis if a second threshold X2 is defined, and correspondingly a second gap configuration can be signaled for X1 > R_NPDCCH_max >= X2.

In this contribution we discuss the possibility to utilize UL/DL gaps for TDM transmission between UL and DL.

Discussion
UL gaps
Transmission gaps for uplink have been agreed for the purpose of maintaining synchronization during long uplink transmissions. LS has been sent to RAN4 asking about the length and periodicity of gaps. Frequency drift rate during the uplink transmission defined in [2] is 0.025ppm/s. If 0.1ppm frequency accuracy is assumed for NB-IoT transmission the gap periodicity would be in the ballpark of 4 seconds. Hence uplink transmission gaps would be useful for the synchronization purpose but inflexible for other uses.

DL gaps
Downlink gaps have been agreed to be introduced. The purpose of downlink gaps is mitigating effects of downlink congestion rather than synchronization. Introduction of one threshold and the corresponding gap periodicity and length have been agreed and having more than one gap configuration is left for further discussion. In this paper we present an example of usage of downlink gaps and also propose utilizing gaps also for uplink transmission.
The set of PDCCH Rmax values has been agreed to be {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}. The gaps serving UEs with low repetition factor during transmission to UEs with long repetition factor should be short but they should support transmission of NB-PDCCH and NB-PDSCH in one gap. It has also been agreed that at least 4ms delay exist between NB-PDCCH search space and NB-PDSCH data transmission. On the other hand, overhead of gaps for the UE with long repetition should be reasonable. Considering the above, for example, one could assume that length 8 gap is allocated every 32 subframes. This would serve repetition 1 UEs with up to 3 PRB long TTI and the time expansion for the long repetition UE would be only (32+8)/32 = 1.25. Also the shortest possible cycle of NB-PDCCH search spaces fits into the gap cycle. This principle is illustrated in Figure 1.
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[bookmark: _Ref447541186]Figure 1. Gap length 8 and scheduling example.
[bookmark: _GoBack]If a UE with long repetition has DL transmission longer than 32 subframes, the DL transmission is interrupted during the gaps. Gap time can be utilized in downlink for the other UEs. For a UE with long repetition it would be beneficial to be able to exploit this time for UL data transmission. This can be achieved by the TDM scheduling between DL and UL for the specific UE. An example is shown in Figure 2, where the UE is configured with DL gap of 8 subframes every 32 subframes. The UE is scheduled with DL TTI of 10 subframes assuming 32 repetitions. There are two uplink scheduling options shown, one with 8ms RU with repetition factor 3 and another one with 1ms RU with repetition factor 32. These can be reasonable assumptions if large downlink packet is scheduled together with small uplink packet with potentially smaller ITBS. Considering the half duplex constraint, one subframe is used as retuning subframe during DL-UL and UL-DL switching. The total transmission time is shorter compared to scheduling DL and UL transmission sequentially. Also latency for short uplink packet is significantly shorter.
Proposal 1: Allow uplink transmission during downlink transmission gaps.
Due to short gaps an enhancement could be considered where the scheduled NB-PUSCH can span over multiple gaps as illustrated in more detail in Figure 3. In this figure, one 8ms long RU is scheduled over 2 gaps. 
Proposal 2: Allow NB-PUSCH transmission to span over multiple gaps.
Facilitating the feature would require additional information into the DCI. When repetition is used for NB-PDCCH transmission then two grants cannot be multiplexed in frequency so time multiplexing needs to be used. Hence one way to support TDM transmission is to be able to point scheduling delay of UL transmission to be such that UL transmission hits the gap. Another alternative is that it is signalled using one bit that UE is allowed to transmit during DL gaps. UE can then determine correct timing based on DL grant and gap parameters.
Proposal 3: NB-PUSCH transmission during downlink gaps is signalled in DCI.
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[bookmark: _Ref447541416]Figure 2. TDM scheduling example.
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[bookmark: _Ref447294084]Figure 3. Extending transmission into multiple gaps.


Conclusions
In this contribution we first discussed agreements on uplink and downlink gaps. Then we made proposal to utilize downlink gaps for uplink transmissions. Based on the discussion, we have the following proposals:
Proposal 1: Allow uplink transmission during downlink transmission gaps.
Proposal 2: Allow NB-PUSCH transmission to span over multiple gaps.
Proposal 3: NB-PUSCH transmission during downlink gaps is signalled in DCI.
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