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Introduction
In RAN1 #86b meeting, the working group reached the following agreements which has an item still open for study.
Agreements:
· For SCS of up to 60kHz with NCP, y = 7 and 14
· FFS: whether/which to down select for certain SCS(s)
· For SCS of higher than 60kHz with NCP, y = 14

Given the progress on several working group meetings, we revisit this agreement and provide a recommendation to down-select to 14 symbol slots.
[bookmark: _Ref378529477]Discussion
The following basic aspects are important when considering down-selection.
1) Scalable specification can be simpler
Given that 3GPP has already decided on SCSs which only support 14 symbol slots, and has made further progress on the structure and support of mini-slots in NR, it makes sense to down select to 14-symbol slot types overall (and remove the 7-symbol slot) and harmonize toward a cleaner scalable specification across all supported SCSs. Note that a 7-symbol time granularity can still be supported as an instantiation of mini-slots.
2) Nominal operating modes are better suited
Although 7-symbol slots can be aggregated to create 14-symbol slots, this can seem needlessly complicated. The overhead of 7-symbol slots is high, so it is very likely the typical transmission length for TBs involves aggregating 7-symbol slots as well as potentially disabling control bursts every other 7-symbol slot. 
On the other hand, a 14-symbol slot however might better suited to the nominal operating mode tuned to higher spectral efficiency and lower overhead, and less configuration complexity. 
3) DMRS patterns have more natural optimization flexibility
Optimized DMRS patterns across 14-symbols can provide better performance and spectral efficiency, for instance in high Doppler scenarios. Although 7-symbol slots can be artificially aggregated to mimic 14-symbol slots with optimized DMRS patterns, this is again excessive complication of the specification and requires additional aggregation of the TB, inclusion of phase continuity on possibly awkward combinations of slot patterns. On the other hand, the more natural approach designing 7-symbol DMRS patterns for TBs which span 7-symbols can be less optimal.
As a concrete example, note that the front-load DMRS in a slot has been agreed to be in the 3rd or 4th OFDM symbol. Consider the case of a deployment where the front-load DMRS is in the 3rd symbol with 2 symbol short UL burst plus guard period. In a high speed train scenario 3 DMRS symbols would be needed for speeds of the order of 250 and 350 kmh for a 30 KHz SCS 14-symbol slot. The following two patterns can be considered as good options with the 2nd pattern with DMRS in symbols {2,6,9} satisfying the requirement that it can be constructed by DMRS bundling two 7-symbol slots patterns since the second slot has its front-load DMRS on the 10th symbol.
[image: ]
However, such a pattern is significantly sub-optimal (more than 2 dB difference) due to the two symbol channel estimation extrapolation needed for symbol 10 and 11. See Appendix figures for 250 kmh, rank 1 and rank 2, 4 Tx 4 Rx simulation scenario. More results for higher speeds (at 350 kmh) can be found in [2]. 
4) Redundancy in specification complicates testing
Finally, again given the support for mini-slots, the need for testing both 7-symbol slots and 7-symbol mini-slots provides a redundancy which can complicate testing. If there is a clear nominal setting for slots, and a distinct mode for supporting 7-symbol granularity, this would be preferrable from a commercialization standpoint.

Proposal: Remove 7-symbol slots from NR specification.
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Appendix
[bookmark: _GoBack]The following two figures illustrate the sub-optimality of DMRS patterns in symbols {2,6,9} across 14-symbol slots, which also is satisfying the requirement that it can be constructed by DMRS bundling two 7-symbol slots patterns since the second slot has its front-load DMRS on the 10th symbol. (That is, both 7-symbol slots have a pilot on the 3rd symbol.) This is suboptimal compared to {2,6,10} which is not a natural construction across two 7-symbol slots.. 
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SIM_TAG=NUM_TX_ENB: 4, NUM_RX_UE: 4, SCS: 30 KHz, ChaP: TDL-C, Fc
926 Hz (250Kmh), RMS DS. 300 nseo, MMO_NUM_LAYER: 1, Allocated PRES. 80
DEMAPPER_TYPE: MMSE, PDSCH SYMB DX G-11, PDCCH_SYMB_IDX 0-1
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