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Background
In RAN1#88b the issue of interference randomization for NB-IoT was discussed. The following was captured in the Chairman’s notes:

R1-1709563	WF on interference randomization for NB-IoT	Qualcomm, Huawei, HiSilicon, Ericsson
· An interference randomization scheme based on rotated IQ symbols (similar to the one of NPBCH) is introduced in Rel-14:
· For NPDCCH:
· For Type-2 and Type1-CSS in non-anchor carriers
· For Type-1A and Type-2A CSS
· [For USS, based on RRC configuration]
· For NPDSCH:
· For NPDSCH scrambled by RA-RNTI, TC-RNTI and P-RNTI in non-anchor carriers
· For G-RNTI
· [For NPDSCH scrambled by C-RNTI, based on RRC configuration]
· FFS details of the sequence initialization c_init.
· For NPUSCH in Rel-14:
· In msg3 in non-anchor carrier, change the scrambling sequence initialization to a non-linear combination of cell ID and slot/frame number
· [For NPUSCH scrambled with C-RNTI, change the scrambling sequence initialization to a non-linear combination of cell ID and slot/frame number based on RRC configuration]
· FFS details of the sequence initialization c_init
Decision: The document is noted. Email discussion including both NPUSCH, NPDSCH, NPDCCH and NPRACH until RAN1#90 (Alberto, Qualcomm). 

In this document we summarize the inputs from different companies to the email discussion [89-02] WF on interference randomization for NB-IoT.

Summary of evaluation results
The following evaluation results were provided by different companies

	Ericsson
	Evaluation of the SNR to show that NB-IoT devices may be interference limited:

The results shown below indicates that in a system with no interference only ~10% of the devices are in the extended coverage domain with a coupling loss > 144 dB. If we reach a 50% load (which is highly likely e.g. on the anchor carrier) then ~70% of all devices are forced to the extended coverage SINR range (for 1 reuse). The consequence of this is that we need to use high number of repetitions for a high number of devices to overcome the SINR.
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	Qualcomm
	- Gain of ~8dB for AWGN channel for NPDCCH
- Gain of ~6dB for Rayleigh channel for NPDCCH

	ZTE, Sanechips
	- Gain of ~3dB for AWGN for downlink channels
- Gain of ~2dB for TU channel for downlink channels
- If offset of 2 ms is introduced, gain of ~1dB in TU channel for downlink channels
- Gain of ~0.1-0.2dB gain for TU channel, NPUSCH, using scrambling sequence initialization based on non-linear combination of cell ID and slot-frame number.
- Gain of ~2dB for  TU channel, NPUSCH, using SC-FDMA-based symbol scrambling




Summary of company views

	Ericsson
	Introduce the interference randomization schemes for DL and UL channels (including NPRACH).

	Intel
	Interference is not an issue for UEs in deep coverage. Complete alignment between source and interfering cell is worst case. The gain could be observed for the case of complete alignment, but gains may not be visible from system level perspective. See potential interference issue in DL but not UL.

	Samsung
	Loss in Qualcomm paper is overestimated. Overlapping between different cells can be solved by scheduling. For paging, multiple carriers can be used to avoid inter-cell interference. Prefer not to adopt the proposal.

	Huawei, HiSilicon
	Solving interference randomization by scheduling is not suitable. Support proposals for NPDSCH/NPDCCH/NPUSCH. Proposed alternative sequence initialization for NPDCCH, NPDSCH, NPUSCH.

	Vodafone
	This is the same issue as NPBCH. Interference randomization is not an enhancement but a necessary fix. Supportive of change for NPDSCH, NPDCCH, NPUSCH.

	ZTE, Sanechips
	RAN1 needs to carefully evaluate all possible improvement schemes, need for more simulation/calibration discussion. Propose SC-FDMA symbol level scrambling for uplink, and limiting the hopping patterns in non-anchor carriers for NPRACH.

	LGE
	Fine with QAM-symbol scrambling for DL channels. Propose SC-FDMA symbol interleaving and/or SC-FDMA symbol-level scrambling for uplink.

	Qualcomm
	Supportive of introducing the randomization schemes for DL and NPUSCH.



For DL channels:
- 6 companies (Ericsson, Huawei, HiSilicon, Vodafone, LGE, Qualcomm) support the introduction of new scheme.
- 1 company (Samsung) prefers not to adopt the new scheme.
- 3 companies (Intel, ZTE, Sanechips) think more discussion is needed.




For NPUSCH:
- 5 companies (Ericsson, Huawei, HiSilicon, Qualcomm, Vodafone) support the introduction of new scheme.
- 3 companies (LGE, ZTE, Sanechips) prefer to further study SC-FDMA symbol-level scrambling.
- 2 companies (Samsung, Intel) do not see the need to adopt the new scheme.

For NPRACH:
[bookmark: _GoBack]- 3 companies (Ericsson, ZTE, Sanechips) propose to introduce mechanisms for interference randomization.


Proposed conclusion
In view of the previous input, and following a majority view, we propose the following:

Proposal 1: Introduce interference randomization scheme based on RE-level scrambling for NPDSCH and NPDCCH from Rel-14
	- Details (scrambling initialization, applicability to different RNTI/search spaces, signaling) to be discussed and decided during RAN1#90

Proposal 2: Introduce one of the following mechanisms for interference randomization for NPUSCH:
	- Option 1: Scrambling sequence initialization based on nonlinear combination of cell ID and frame/slot number
	- Option 2: SC-FDMA symbol-level scrambling.
- Option 3: I/Q symbol level scrambling.
Decision between option 1, 2 and 3, and further details  (scrambling initialization, applicability to different RNTI/search spaces, signaling) to be decided during RAN1#90

Proposal 3: Introduce one of the following mechanisms for interference randomization for NPRACH:
                - Option 1: Reinitialize the pseudo random frequency generator based on a non-linear combination of the cell id, the frame and hyper frame numbers, before the start of each NPRACH resource. 
                - Option 2: limit the hopping pattern in non-anchor carriers.
Decision between option 1 and option 2, and further details to be decided during RAN1#90.
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