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1 Introduction

In 3GPP TSG RAN1 NB-IoT adhoc#2 and following email discussions, a concept dubbed transmission gap was introduced in NB-IoT systems, at least for extreme coverage enhancement case. Following agreements are reached regarding the transmission gap [1], [2]
Conclusions:

· At least for UEs in extreme coverage, for transmission in downlink which requires large number of repetitions, DL gaps can be introduced during the repetitions of NPDSCH and NPDCCH

· Note: During a DL gap, UEs other than those configured with the particular gap can receive their NPDSCH and/or NPDCCH (as shown in Fig. 1)
· Gap configuration is provided by SIB signaling
· For a given UE, the subframes designated as DL gap are treated as invalid DL subframes for the given UE
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Fig. 1: Illustrations of transmission gap in NB-IoT systems

Meanwhile, in 3GPP TSG RAN1 NB-IoT adhoc#2, following agreements are reached regarding PDCCH and PDSCH transmission in NB-IoT systems [3]
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Conclusion

· 3 bits indicate number of valid DL subframes. The gap between end of NPDCCH and the start of the associated NPDSCH equals kdelay valid DL subframes + 4ms

·  Two fixed sets for different Rmax for the respective search space, above and below a threshold.

· If Rmax <128

· {0,4,8,12,16,32,64,128}

· If Rmax>=128,

· {0,16,32,64,128, 256,512,1024}

Under this framework, if there is a UE in extended coverage area, the transmission gap will be enabled in the system and only the subframes marked by “Gap Size” in Fig. 1 can be used by the UE who are not in extreme coverage area for downlink transmissions. 
However, under such circumstance, an issue might rise for those UEs who are not in extreme coverage when indicating the scheduling delay between their PDCCH and PDSCH. As illustrated in Fig. 2, since those UEs do not know the transmission gap is enabled in the system, when they decoded the PDCCH and try to locate the PDSCH according the scheduling delay included in DCI, they won’t skip the blue area in Fig. 1 and 2, which are used exclusively for UE in extreme coverage. Therefore, there is a possibility that they may think their PDSCH are located in the blue area, causing an indication error (as illustrated in Fig. 2). 
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Fig. 2: Illustration of the problem when indicating the scheduling delay of PDCCH and PDSCH for UE not in extended coverage when the transmission gap is enabled in the system

2 Scheduling Delay with Transmission Gaps
To avoid this issue mentioned above, UEs who are not in extreme coverage area should be notified when transmission gap is enabled in the system. A proposal below is thus discussed.
Proposal I: Since 3 bits are used to indicate the scheduling delay between PDCCH and PDSCH [3], a subset of the 8 states can be used to implicitly indicate the fact that the transmission gap is enabled in the system. Hence, when UE decoded the DCI and found the state indicating its scheduling delay is in this subset, the subframes reserved for downlink transmission of UE in extended coverage should be skipped when counting the scheduling delay between PDCCH and PDSCH. 
An example of this proposal is provided in Fig. 3 and 4. In Fig. 3 and 4, the 8 states indicating scheduling delay between PDCCH and PDSCH are grouped into two subsets, where the states in Subset 1 suggest the transmission gap is not enabled in the system and each state only indicate the scheduling delay as shown in Fig. 4. On the other hand, the states in Subset 2 not only indicate the scheduling delay between PDCCH and PDSCH, but also implicitly indicate the UE that the transmission gap is enabled and certain subframes used by UE in extended coverage (blue areas in Fig. 1 and 2) should be treated as invalid subframe and skipped when counting the scheduling delay between PDCCH and PDSCH.
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Fig. 3: An example of grouping the 8 states indicating the scheduling delay of PDCCH and PDSCH into 2 subsets  (Rmax<128)
	States indicated by 3 bits
	Gap Configuration Disabled
Subset 1
	Configuration Gap Enabled
Subset 2

	
	0
	1
	2
	3
	4
	5
	6
	7

	kdelay (ms)
	0
	4
	8
	12
	16
	32
	64
	128


Fig. 4: An example of grouping the 8 states indicating the scheduling delay of PDCCH and PDSCH into 2 subsets, where the states in Subset 1 only indicate the scheduling delay, while the states in Subset 2 not only indicate the scheduling delay, but also implicitly indicate the transmission gap has been enabled in the system
With this approach, UE can be implicitly informed if the transmission gap is enabled in the system. Therefore, the scheduling delay indication issue mentioned in the Introduction part can be avoided.

3 Conclusions
Under current designs on NB-IoT transmission gap and indication for scheduling delay between PDCCH and PDSCH, an indication error might occur for UE not in extreme coverage area when the transmission gap is enabled. 
Proposal: The 8 states indicating the scheduling delay between PDCCH and PDSCH can be grouped into two subset, where 

· Subset 1: when UE received a state in this subset, it is implicitly indicated that the transmission gap is not enabled in the system
· Subset 2: when UE received a state in this subset, it is implicitly indicated that the transmission gap is enabled in the system, and the subframes reserved for downlink transmission for UE(s) in extreme coverage should be counted as invalid subframe and skipped when locating the corresponding PDSCH.
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