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1 Introduction

In the RAN1 NB-IoT meeting, followings are agreed for UL transmission [ 1 ]:
	RAN1 NB-IoT adhoc#2 agreements:
· Repetition

· The repetition pattern within the allocated resources is realized by using Cyclic repetition

· In each cycle, each subframe/NB-slot in the allocated resources is repeated consecutively for Z times

· Z = Min(4, repetition) for multi-tone transmission

· Z = 1 for single-tone transmission

· Different scrambling is used in each cycle
· NOTE: RV cycling is feasible under this repetition

The followings are agreed via email discussions. 
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

Agreements:

Proposal 1: A UE can assume that NB-IoT downlink subframe#0 is aligned with LTE subframe#0 for in-band deployment.

Proposal2: 4 bits srs-SubframeConfig in Table 5.5.3.3-1 of TS36.211 can be broadcasted as the NB-IoT configuration field regarding the avoidance of LTE SRS in time domain.

Proposal 3: If srs-SubframeConfig is broadcasted, the NB-IoT symbols that collide with LTE SRS positions are assumed not to be used by NB-IoT UE by default:

  For multi-tone transmission with repetition, puncturing is used to transmit NB-PUSCH.

  FFS: For single tone transmission and multi-tone transmission w/o repetition:

  Alt.1 Rate-matching is used to transmit NB-PUSCH.

  Alt.2: Puncturing is used to transmit NB-PUSCH. 
Proposal 4: If srs-SubframeConfig is broadcasted, information can be included in higher layer UE-specific signaling to inform UE to use all NB-IoT symbols for NB-PUSCH transmission . The detailed signaling design is up to RAN2.




In this contribution, we discuss remaining issues on NB-PUSCH.
2 Remaining issues on NB-PUSCH
(1) The gap between NB-PDCCH and NB-PUSCH

It was agreed to signal the gap between NB-PDCCH and NB-PUSCH for potential multiplexing and alignments of different NB-PUSCH transmissions. In terms of alignment among different NB-PUSCHs where the ending subframe of the corresponding NB-PDCCHs are different, it would be desirable to give the offset as a function of Rmax of NB-PDCCH. For example, 4 different values can be used from the end of the the corresponding NB-PDCCH as {0, Rmax, 2 * Rmax, 4 * Rmax}. Alternatively, it is also considerable to indicate the gap as a function of NB-PUSCH repetition number to allow multiplexing among different NB-PUSCH in TDM manner.
Proposal 1: 2 bits are used for the gap between NB-PDCCH and NB-PUSCH. The gap values are derived based on Rmax of NB-PDCCH or repetition number of NB-PUSCH. 

(2) Uplink gap handling 

As agreed in the email discussion, if uplink gap is indeed necessary, it would be applied for both PRACH and PUSCH transmissions. In terms of the possible value(s) of the gap periodicity and the gap size, if it is used for PRACH, to align among different UEs, the value should be one set so that PRACH transmissions among different UEs with uplink gap are aligned. This would be okay as long as the PRACH resource periodicity or PRACH starting periodicity is larger than the number of PRACH repetition and the uplink gaps. In terms of UE behavior between drop or postpone, in terms of alignment of PRACH resources among different repetition levels, it is slightly preferred to drop PRACH transmission during uplink gap instead of postpone. 

In terms of NB-PUSCH transmission, the gap would start from the starting of NB-PUSCH transmission where actual gap would be different per UE depending on the starting position of NB-PUSCH repetition. In this sense, the behavior of drop in the uplink gap seems more natural. 
Proposal 1: In the UL gap subframes, a UE drops PRACH and NB-PUSCH.  

(3) Collision handling with legacy SRS

In the email discussion on SRS collision, it was agreed that puncturing is used to transmit NB-PUSCH for multi tone transmission with repetition. To simplify the impact of standardization, it is preferable to use same operation for both multi tone transmission with and without repetition and also for single tone transmission. 
Proposal 2: Puncturing is used to avoid SRS collision for multi-tone transmission without repetition and single tone transmission.

(4) Collision with legacy uplink resource

In terms of potential collision with legacy uplink resources such as PRACH, sidelink and eIMTA, there are two approaches to consider. One is to configure valid uplink subframe configurations potentially to avoid any collision with PRACH resources or sidelink resources or eIMTA flexible subframes. The other approach is to rely on the network scheduling. Given that some resources are not easy to avoid collision, particularly for some NB-IoT PRB(s), it is proposed to also adopt uplink valid subframe configuration which can be optionally configured. The configuration may be also applied to NB-PRACH transmission if configured. 
Proposal 3: A cell-specific valid uplink subframe configuration can be optionally configured. If not configured, consider all uplink subframes as valid for NB-IoT operation. 

(5) Collision between A/N transmission and NB-PUSCH

If a UE is allowed to receive downlink control and/or data during the uplink transmission gap, it is possible to receive UL grant while it is transmitting A/N repetition. It is generally understood that the repetition levels of downlink and uplink would be comparable. In other words, if a UE applies uplink gap, it is likely that the downlink repetition is also large and thus it may not be completed within one gap duration. In this sense, we prefer not to support any control/data reception during the uplink gap. If it is allowed, it is up to the network to avoid any collision. From a UE perspective, it will complete on-going transmission. 

Proposal 4: During the uplink gap, a UE is not expected to receive any control or data transmission for unicast data. 

3 Conclusion

Proposal 1: Puncturing is used to avoid SRS collision for multi-tone transmission without repetition.
Proposal 2: reuse the set of repetition number in eMTC for NB-PUSCH transmission.

Proposal 3: Cell specific frequency hopping pattern can be used for inter cell interference randomization.
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