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1 Introduction
At RAN1 meeting #83, RAN WG1 concluded the technical evaluation on the solution [1] (as tasked in [2]). In RAN Plenary #70 the work item description was modified [3].

In this contribution we address some of the NB-PUSCH design related aspects.. 
2 NB-PUSCH frame design
In RAN1 AdHoc on NB-IoT following agreements related to the frame design were made:

	· For 15kHz subcarrier spacing, OFDM/SC-FDMA symbol boundary is no change from LTE 

· At least for FDD with the normal CP case,

· For 3.75kHz subcarrier spacing of uplink, 

· Define a 2ms NB-slot, there are 7 symbols. 

· One symbol consists of [FFS] Ts of symbol with CP length of [FFS] Ts assuming Ts=1/1.92MHz. Editor will take care how to capture Ts value in the spec.

· The above symbols are located from the beginning of 2ms period. FFS the usage of the remaining time in the NB-slot if there is the remaining time

· The 2ms NB-slot boundary is aligned with LTE subframe boundary. FFS among odd only or even only or to support both even/odd
· FFS on collision of LTE SRS for in band mode 

· Opt 1: eNB scheduling or implementation

· Opt 2: puncture/rate matching of 3.75kHz transmission to avoid the collision 

· Opt 3: define a GP to avoid potential collision

· Note combination of above options can also be considered. 


In LTE the information regarding SRS configuration can be provided to the UE by broadcast and/or higher layer signalling, e.g. in SIB2, RRC Connection Setup or in RRC Connection Reconfiguration. If the UE PUSCH transmission overlaps with the SRS region, UE shall send shortened PUSCH to avoid collision and/or transmit SRS.  

As listed above and discussed in various papers in RAN1 NB-IOT AdHoc, while the baseline design for 15kHz numerology seems clear, different options how to define the frame design for 3.75kHz numerology exist. In this section we briefly cover the discussed options for NB-IOT and make some proposals
15kH numerology

Similarly as proposed in [7] but it would seem preferable to adopt similar approach in NB-IOT at least for the 15kHz numerology. Hence network would be enabled to provide information regarding the possible overlap of the NB-IOT resource with the SRS configuration. Due to limited system bandwidth of NB-IOT, it would be sufficient to provide only limited information regarding the time domain SRS occasions, reducing the needed payload. As in LTE, NB-IOT devices would then send shortened PUSCH to avoid collision with the SRS. Thus for 15kHz numerology it is proposed to confirm the use of following approach:

Proposal 1: NB-IOT network is able to provide information regarding the time domain presence of SRS, preferably in system information
Proposal 2: Similarly to LTE, if NB-PUSCH transmission (with 15kHz numerology) would collide with informed SRS occasion, UE transmits shortened NB-PUSCH rate matching around SRS. This would apply also the transmission of ACK/NACK, which details are still FFS
3.75kHz numerology

When considering the 3.75kHz numerology, and assuming that the necessary information to identify SRS locations will be provided to the UE (like proposed to be confirmed in previous section), it would be also possible use similar approach as in LTE and define shortened/modified NB-PUSCH format for the 3.75kHz numerology. Considering the agreed 2ms NB-slot format consisting 7 symbols, it is evident that the (puncturing and) rate matching around the SRS has higher cost than it would have in case of 15kHz numerology. Naturally, the negative impact would be directly dependent on the used SRS configuration (and applies only to in-band scenarios). 
In [7] it was proposed to reduce the need of puncturing by introducing a gap to the NB-slot format by shortening the CP lenghts. It was discussed in the RAN1 NB-IOT AdHoc that the shortening of the CP length might not be desirable due to reduced tolerance to timing error and delay spread. Using the approach outlined in [7] for 3.75kHz numerology results CP length of ~8.85us, which is shorted that the original assumption used for the residual timing offset (in order of  ±30us). In the latest analyses, while acknowledging that NB-IOT PRACH design has not yet been finalized, would seem to indicate that it is possible to reach significantly lower residual timing offsets (e.g. [15]), making use of shorter CP lengths feasible in evaluated deployment scenarios. However, as also noted in [7], introducing the gap in 3.75kHz NB-slot does not completely remove the need of for modified/shortened NB-PUSCH for SRS avoidance.  

Observation 1: Introducing a gap in 3.75kHz numerology through reduction in CP length would appear to be feasible
Observation 2: There would appear to be need to introduce shortened/modified NB-PUSCH format also for 3.75kHz for inband deployments. 
Different proposals, like [6], [7], [9] and [12]  discussed in last RAN1 meeting considered different approaches for the placement of the DMRS in the 3.75kHz frame format. Again when considering the inband deployments with selected SRS configurations, this could lead to collisions between DMRS and SRS. As loss of data symbol can be accounted in RM, it would seem preferable to select the DMRS locations so that collision with SRS can be avoided, like proposed in [7]. 

Observation 3: Adjusting the DMRS location to avoid collision with SRS occasions would seems preferable 

Even though the SRS collision could occur only at inband deployments, and considered changes, especially introduction of gap, would not be needed for other deployment scenarios, it would seem better in the merit of simplicity to define one common NB-slot format for 3.75kHz numerology. It could be envisioned that the DMRS location could be different for normal NB-PUSCH format and modified/shorted NB-PUSCH format designed to avoid SRS, but it would also seem that this would only imply unnecessary complexity for the eNB channel estimator without any benefit, thus not preferred

Proposal 3: Single common format is defined for 3.75kHz numerology to be used in all deployment scenarios.

To maintain the LTE networks flexibility to use different SRS configurations, as required by deployment, introducing modified/shortened NB-slot format for 3.75kHz is needed. This would also mean that DMRS pattern would need to be adjusted. It can be argued whether the introduction of the gap is mandatory, while it would not appear to have significant negative implications and hence it is proposed to be considered.
Proposal 4: It is proposed to adopt the 3.75kHz NB-slot structure as presented in [7]
Furthermore as it would seem beneficial to keep the radio frame definition common between the two numerologies it is proposed that radio frame is defined as 10ms duration consisting of 5 NB-slots.
Proposal 5: It is proposed to define radio frame as 10ms and consist of five 2ms NB-slots
3 NB-PUSCH encoding
In RAN1 AdHoc on NB-IoT following agreements related to the scheduling unit were made:

	· One resource unit schedulable in PUSCH transmission for the data consists of fixed [X] msec at least for FDD

· X(115kHz) is 8 for 15 kHz case with single tone transmission

· X(13.75kHz) is 32 for 3.75 kHz case with single tone transmission

· In case of multiple tones is allocated for one UE, X{m} is smaller than X(115kHz)

· In case of 12 tones is allocated for one UE, X{12} is 1

· UL multi-tone transmission for the data with 12 tones is supported

· UL multi-tone transmission for the data also supports followings of numbers of multiple 

· {3} with 4 msec resource unit size

· {6} with 2 msec resource unit size

· Allow one TB scheduled over more than one resource units in time


No new agreements related to the TB size were reached, but in there seems to be consensus that the TBS size should be at least 520 bits. It is not yet clear whether the allowed TBS sizes are same for single and multitone transmission or whether some restrictions are applied for example through allocation. Even though these details are missing we feel that it should be possible to agree on NB-PUSCH encoding details

When outlining the NB-PUSCH encoding and allocations, it is assumed that the resource allocation (MCS, FD/TD physical resource and TBS) is following the similar approach as depicted in [36.213] Section 8.1. This would give system flexibility in terms of mixing physical allocation and selected TBS. Naturally some changes are needed in detailed procedures accounting aspects like different modulation schemes, repetition and varying TTI. In below we repeat the earlier proposals for the NB-PUSCH encoding and give additional recommendations for some of the open items.

Encoding

Like already introduced in [4] it is proposed that the NB-PUSCH encoding would follow closely of that used in LTE. Hence it is proposed that 24-bit CRC is added to the information payload, similarly as depicted in Section 5.1.1 in [5](generated according to polynomial gCRC24B(D)). Channel coding is proposed to be based on the LTE turbo code encoder in Sections 5.1.3.2 of [5]. In addition rate matching is done (as described in 5.1.4.1[5]) and scrambling would be applied to signal prior modulation. Note that it is assumed that due to the limited maximum size of TB’s there is no need for code block segmentation.  
Now while it is proposed to base the NB-PUSCH encoding to the LTE baseline, it is good to note that there may be need to adjusting  the redundancy version starting points to avoid problems and/or optimize the performance when considering the largest TB sizes. Also when considering the minimum schedulable resource unit and possibility of extending TB over multiple resource units, there could be scenarios where by dynamically increasing the channel interleaver length, some performance benefit could be obtained. However at this time it is not clear whether such optimisation would justify the increased complexity. 
Proposal 6: Re-use the LTE PUSCH encoding for NB-PUSCH. 

Furthermore, after the TB is encoded (and rate matched to fit the scheduled resource unit), it could be repeated as per configured by network. In order to improve the performance of the repetitions, the redundancy version (RV) cycling could be used. Whether the RV is changed on every repetition, or kept constant for example for a block of repetitions is FFS.  
Proposal 7: Use redundancy version cycling in the repetitions.
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Figure 1.  Illustration of NB-PUSCH encoding 

4 Conclusions

To endorse the implications of the agreements made in RAN1 NB-IOT AdHoc, following proposals are made:

Proposal 1: NB-IOT network is able to provide information regarding the time domain presence of SRS, preferably in system information

Proposal 2: Similarly to LTE, if NB-PUSCH transmission (with 15kHz numerology) would collide with informed SRS occasion, UE transmits shortened NB-PUSCH rate matching around SRS. This would apply also the transmission of ACK/NACK, which details are FFS

In addition to conclude the 3.75kHz NB-slot design it is proposed:

Proposal 3: Single common format is defined for 3.75kHz numerology to be used in all deployment scenarios.

Proposal 4: It is proposed to adopt the 3.75kHz NB-slot structure as presented in [7]
Proposal 5: It is proposed to define radio frame as 10ms and consist of five 2ms NB-slots
We also have discussed the NB-PUSCH encoding and we propose to adopt the LTE PUSCH encoding on suitable parts for NB-IOT UL.
Proposal 6: Re-use the LTE PUSCH encoding for NB-PUSCH. 

Proposal 7: Use redundancy version cycling in the repetitions.
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