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In the NB-IoT Ad-Hoc meeting and RAN1#84, the uplink frame structure design of NB-IoT was discussed and the following has been agreed:
· 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 528 Ts of symbol with CP length of 16 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.
· Besides the seven symbols located from the beginning of 2ms period, the remaining time (144Ts) is used as a guard period to minimize the collision between NB-IoT symbols and LTE SRS.
· 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.
And the following agreements were approved by email discussion [NB-IoT2-04] after NB-IoT Adhoc#2 meeting:
· A UE can assume that NB-IoT downlink subframe#0 is aligned with LTE subframe#0 for in-band deployment.
· 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.
· 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. 
· 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.
This paper discusses the remaining part of SRS collision avoidance in NB-IoT, including how to handle the NB-IoT symbols that collide with LTE SRS, and how to handle the collision between PRACH and LTE SRS.
Discussion on remaining details
Handling of NB-IoT symbols
According to the latest approved proposals in email discussion, the network can broadcast 4 bits srs-SubframeConfig in NB-IoT system information. If the srs-SubframeConfig is broadcast and the LTE SRS avoidance indication is not present or is false, the network indicates that the allocated UL PRBs for NB-IoT may collide with LTE SRS. So when the srs-SubframeConfig is broadcast, NB-IoT UEs can know which NB-IoT symbol may collide with LTE SRS and then will not transmit the whole NB-IoT symbols that collide with LTE SRS positions accordingly, by either puncturing of rate-matching of NB-PUSCH. In case some of the NB-IoT UL PRBs don’t collide with LTE SRS, information included in the UE specific high layer signaling can be used to indicate NB-IoT UEs to use all NB-IoT symbols for NB-PUSCH.
Some agreements about repetition were achieved in the last adhoc meeting as following:
· 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
For the case of multi-tone NB-PUSCH transmission with subframe-level repetition, symbol-level combining can be applied when Z>1, and therefore for this case, it is agreed to use puncturing.
However for multi-tone transmission without repetition (Z=1), symbol-level combining is clearly not relevant. And actually, the UE scheduled is deployed in good coverage in this case. According to the MCS/TBS table for NB-PUSCH, the code rate for multi-tone transmission without repetition could be high. In this case, puncturing may cause performance loss compared with rate matching. So, for multi-tone transmission without repetition, rate-matching should be applied for the NB-IoT symbols that collide with LTE SRS.
Proposal 1: For multi-tone transmission without repetition (Z=1), rate-matching is applied for the NB-IoT symbols that collide with LTE SRS.
For single tone transmission case, Z = 1 always. This means subframe level symbol combining is not assumed for single tone UEs. However, considering for single tone transmission, the performance difference of puncturing and rate matching would be marginal. In this sense, the puncturing can be applied for single tone UE to keep the device with low complexity.
Proposal 2: For single-tone transmission, puncturing of the whole NB-IoT symbol is applied for the NB-IoT symbols that collide with LTE SRS.
SRS avoidance for NB-PRACH
NB-PRACH can also collide with LTE SRS. The NB-PRACH resource should be configured to avoid the collision with LTE SRS. If the collision is not able to be avoided, puncturing should be applied to avoid the mutual impact between LTE SRS and NB-PRACH.
If srs-SubframeConfig is broadcast, NB-IoT UEs transmitting NB-PRACH can know which symbols in a symbol group may collide with LTE SRS. The NB-PRACH symbols in one NB-PRACH symbol group are the same, hence the network can combine the symbols in the same group to improve the reception performance. If one NB-PRACH collides with LTE SRS position, the samples except the RE part that collides with LTE SRS position can still be combined with corresponding samples of other NB-PRACH symbols in the same symbol group. Hence, it is preferred that only the RE that collides with LTE SRS position is punctured, instead of the whole collided NB-PRACH symbol. 
Proposal 3: If LTE SRS collides with NB-PRACH symbols, only the overlapping REs of the NB-PRACH symbols that collide with LTE SRS resource are punctured in the LTE SRS resources.
Conclusions
In this contribution, the remaining part of SRS avoidance is discussed. Rate matching is preferred for multi-tone NB-PUSCH transmission when Z=1 to obtain better performance. For the case of single tone NB-PUSCH transmission, the performance difference of puncturing and rate matching would be marginal. In this sense, the puncturing can be applied for single tone UE to keep the device with low complexity. For NB-PRACH, it is preferred that only the REs that collide with an LTE SRS position are punctured, instead of the whole collided NB-PRACH symbol. The samples except the RE part that collides with LTE SRS position can still be combined with corresponding samples of other NB-PRACH symbols in the same symbol group for better coverage performance.
Proposal 1: For multi-tone transmission without repetition (Z=1), rate-matching is applied for the NB-IoT symbols that collide with LTE SRS.
Proposal 2: For single-tone transmission, puncturing of the whole NB-IoT symbol is applied for the NB-IoT symbols that collide with LTE SRS.
Proposal 3: If LTE SRS collides with NB-PRACH symbols, only the overlapping REs of the NB-PRACH symbols that collide with LTE SRS resource are punctured in the LTE SRS resources.
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