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1. Introduction

In RAN1 #93 meeting, following agreement was made in order to handle the problem of invalid UL subframe within in TDD NPRACH resources [1]:

	Agreement:
· G symbol groups of NPRACH are dropped when there are not enough consecutive valid UL subframes to transmit G symbol groups back-to-back.


According to above agreement, some UL subframe(s) could be empty after symbol groups dropping, even though they are valid UL subframe(s). So, in this contribution, we clarify and discuss the issues on valid UL subframe caused by NPRACH symbol groups dropping in TDD NB-IoT.
2. Discussion
According to current specifications, G symbol groups of NPRACH preamble are dropped when there are not enough consecutive valid UL subframes to transmit G symbol groups back-to-back. Meanwhile, the NPUSCH is transmitted only in valid UL subframes, and it is postponed to next valid UL subframe if there are invalid UL subframes. In this situation, when the UE trying to transmit the NPUSCH meets the empty valid UL subframe(s) which was NPRACH resources for another UEs, the UE may be confused whether it can transmit NPUSCH in empty valid UL subframe(s) or not. 
For example, assume that there are two UEs (i.e., UE1 and UE2) in TDD NB-IoT cell and the eNB configures the LTE UL/DL configuration #2. Assume that UE1 tries to transmit NPRACH preamble and UE2 tries to transmit NPUSCH. UE1 is going to transmit the TDD NPRACH preamble format 1-a (i.e., G=3) with repetition number 4 and UE2 is going to transmit NPUSCH by using 12 subcarriers with repetition number 8 and RU 1. Figure 1 shows the starting UL subframe both for NPRACH transmission (i.e., green arrow at SFN N+1) and for NPUSCH transmission (i.e., blue arrow at SFN N), respectively. Moreover, figure 1 shows the position of valid UL subframes and invalid UL subframes, respectively.
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Figure 1. Example of NPRACH and NPUSCH transmissions in TDD NB-IoT
First of all, UE1 can transmit the NPRACH preamble format 1-a as shown in figure 1. Based on the positions of invalid UL subframes and aforementioned agreement, the NPRACH symbol groups are dropped in the first and second UL subframes at SFN N+1, N+2, N+3, and N+4. At the same time, UE2 can know the first UL subframes at SFN N+1, N+2, N+3, and N+4 are valid UL subframe and it can also know the valid UL subframes are not occupied by NPRACH preamble (i.e., red boxes in figure 1). However, UE2 cannot decide whether it transmits the NPUSCH in the first UL subframes at SFN N+1, N+2, N+3, and N+4 or not, since there is no clarification for this situation in current specification.
In RAN1 #90 meeting, similar problems between NPRACH gaps and NPUSCH had been discussed [2]. To be specific, RAN1 agreed that NPRACH gaps defined for the downlink time/frequency tracking are not part of the NPRACH resource no more. In 36.211, clause 10.1.3.6, we can find the relevant statement:

----- Start 36.211 -----

NPRACH gaps as defined in section 10.1.6.1 are not part of the NPRACH resource.
----- End 36.211 -----
The reason why this agreement was made is that, it is clear NPRACH preambles are not transmitted in NPRACH gaps based on the specification for all UEs, and there are advantages in terms of power saving of the UEs and resource utilization of the network by NPUSCH transmission in NPRACH gaps.
Therefore, for the same reasons as mentioned above, we proposed to add the following text in TS36.213:

“The valid uplink subframes which are not used for NPRACH transmission due to insufficient number of consecutive valid uplink subframes to transmit G symbol groups back-to-back are not part of the NPRACH resource.”
Proposal 1: Following text should be added in TS36.211:

· The valid uplink subframes which are not used for NPRACH transmission due to insufficient number of consecutive valid uplink subframes to transmit G symbol groups back-to-back are not part of the NPRACH resource.
3. Correction to 36.211
The following is the text proposal for the above discussion.
[…]
10.1.3.6
Mapping to physical resources

NPUSCH can be mapped to one or more than one resource units, 
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, as given by clause 16.5.1.2 of 3GPP TS 36.213 [4], each of which shall be transmitted 
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 shall be multiplied with the amplitude scaling factor 
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 in order to conform to the transmit power 
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specified in [4], and mapped in sequence starting with 
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 to subcarriers assigned for transmission of NPUSCH. The mapping to resource elements 
[image: image8.wmf](

)

l

k

,

 corresponding to the subcarriers assigned for transmission and not used for transmission of reference signals, shall be in increasing order of first the index 
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After mapping to 
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slots, the 
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For NPUSCH Format 1 and 2 on frame structure type 2 with 
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the NPUSCH transmission is carried out in the first set of 
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 slots spanning over two contiguous uplink subframes not overlapping with any uplink subframe configured as invalid; 

for TDD configuration 1 and 4, if the starting position for the NPUSCH is indicated as the second of the two contiguous uplink subframes, the NPUSCH transmission is postponed until the start of two consecutive uplink subframes.

If a mapping to 
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 slots or a repetition of the mapping contains a resource element which overlaps with any configured NPRACH resource according to NPRACH-ConfigSIB-NB, or if it overlaps with any configured NPRACH resource according to nprach-ParametersList and the UE indicates multiCarrier-NPRACH as supported
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 the NPUSCH transmission in overlapped
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 the NPUSCH transmission in overlapped 
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and not overlapping with any configured NPRACH resource.

NPRACH gaps as defined in section 10.1.6.1 are not part of the NPRACH resource. The valid uplink subframes which are not used for NPRACH transmission due to insufficient number of consecutive valid uplink subframes to transmit G symbol groups back-to-back are not part of the NPRACH resource. The mapping of 
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 is then repeated until 
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 slots have been transmitted. After transmissions and/or postponements due to NPRACH of 
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 time units, for frame structure type 1, a gap of 
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 time units shall be inserted where the NPUSCH transmission is postponed. The portion of a postponement due to NPRACH which coincides with a gap is counted as part of the gap.
When higher layer parameter npusch-AllSymbols is set to false, resource elements in SC-FDMA symbols overlapping with a symbol configured with SRS according to srs-SubframeConfig shall be counted in the NPUSCH mapping but not used for transmission of the NPUSCH. When higher layer parameter npusch-AllSymbols is set to true, all symbols are transmitted.
 […]
4. Conclusion
In this contribution, we clarify and discuss the issues on valid UL subframe caused by NPRACH symbol groups dropping in TDD NB-IoT. The proposal is summarized as follows.
Proposal 1: Following text should be added in TS36.211:

· The valid uplink subframes which are not used for NPRACH transmission due to insufficient number of consecutive valid uplink subframes to transmit G symbol groups back-to-back are not part of the NPRACH resource.
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