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Introduction 
The goal of this email is to discuss the remaining issues on DM-RS and phase rotation on single tone transmission for NB-IoT. 
Discussion
1. For DM-RS sequence generation for single-tone transmission with 3.75 kHz or 15 kHz subcarrier spacing, please share the views whether the following proposal is acceptable. 
· For DM-RS sequence,
· pi/2-BPSK constellation is used for DM-RS sequence for pi/2-BPSK data symbols
· pi/4-QPSK constellation is used for DM-RS sequences for pi/4-QPSK data symbols
· Same base sequences are targeted to be used for both BPSK DM-RS sequence and QPSK DM-RS sequence
	Company
	Inputs

	Huawei
	We are fine with the proposal that the modulation for NB-DMRS symbols follows that for data symbols.
And we agree that a single bit-sequence generator should be used for NB-DMRS for single tone NB-PUSCH transmissions.

	LG
	We support the proposal

	Ericsson
	The same modulation for NB-DMRS and for data symbols is preferred. 
Using the same base bit-sequence generator is preferable. 

	Nokia Networks, ALU, ASB
	We also agree that the same modulation as for data is also applied to DM-RS symbols.
Also having common base (binary) sequence generator for DM-RS to both single tone modulations would be desirable.

	ZTE
	Support the proposal

	Intel
	Fine with the proposal in principle. Also OK with the modified version suggested by Huawei in the email thread.

	MediaTek
	Support the proposal

	Sony
	Support the proposal

	Sharp
	We support the proposal



2. To address potential impact to legacy SRS and from legacy SRS, the following is proposed. Please share the views whether the following is acceptable. 
· DM-RS symbol position should avoid collision with LTE SRS
· DM-RS is not mapped to a OFDM symbol which can potentially collide with LTE SRS 
· In 3.75 kHz, 4th, , symbol in each NB-slot 
· In 15 kHz, 14th symbol
	Company
	Inputs

	Huawei
	We agree with the proposal that NB-DMRS should not be mapped to an OFDM symbol which can potentially collide with LTE SRS.
However, with the latest RAN1 agreement that for 3.75 kHz subcarrier spacing the CP length is 16Ts assuming 1.92 MHz sampling rate and the GP can make sure the last NB-IoT symbol within an NB-slot does not collide with any potential LTE SRS, the possible collision for 3.75 kHz subcarrier spacing only occurs on the 4th symbol of an NB-Slot (counting from 1). Furthermore, there has not been any agreement to introduce a 4ms NB-subframe. Hence, it may be more appropriate to describe the potential collision within an NB-Slot.
For 15 kHz subcarrier spacing, yes, the possible collision occurs on the 14th symbol (counting from 1) in each LTE subframe.

	LG
	As mentioned by HW, the proposal needs to be updated given the new agreement on 3.75 kHz subcarrier spacing frame structure. We are fine with the updated proposal. Overall, the intention is to avoid collision with SRS, and we think it is desirable to avoid potential collision with legacy SRS. 

	Ericsson
	We have no strong preferences here. In general, based on our agreement, the subframe structure of 3.75 kHz single tone allows LTE SRS with a periodicity of 2 ms. If in other cases that DM-RS colloids with LTE SRS, we should avoid the collision. 
For the 15 kHz case, if the DM-RS is placed at the same position as legacy, there is a no concern about collision. We prefer to use the legacy LTE DM-RS positions and density for the 15 kHz case.

	Nokia Networks, ALU, ASB
	We also agree that DM-RS pattern should avoid collision with (LTE) SRS. As noted for 3.75kHz numerology the collision could occur in 4th symbol, and it would be preferable to adjust the DM-RS pattern accordingly. For 15kHz numerology the DM-RS pattern would not need to be adjusted (from LTE) due SRS collision, while there could be other reasons to adjust the pattern.  

	ZTE
	We agree with that NB-DMRS symbol should avoid collision with legacy LTE SRS. Therefore for 3.75kHz we prefer to choose position other than the 4th symbol. For 15kHz we can use the legacy position.

	Intel
	OK with the proposal, which implies avoiding mapping of the DM-RS in the 4th symbol of an NB-slot for 3.75 kHz. 
For 15 kHz, we don’t see any reason to modify the LTE PUSCH DM-RS locations (that already avoid the 14th symbol in a 1ms subframe).

	MediaTek 
	Reuse the same pattern for 15kHz as LTE and change the pattern for 3.75kHz to avoid 4th symbol 

	Sony
	Agree with Intel

	Sharp
	We also agree that DM-RS symbol should avoid collision with LTE SRS
For 3.75 kHz subcarrier spacing, collision between 4th symbol and LTE SRS can occur. So the 4th symbol should be avoided.
For the 15 kHz case, if the DM-RS is placed at the same position as legacy, no collision occurs, so we prefer to use the LTE DM-RS positions.



3. For phase rotation for DM-RS, the following is proposed. Please share your views.
· In case of single-tone transmission, phase rotation is applied consecutively
· The phase rotated constellation point for both data and NB-DMRS symbols is obtained by
· Alt 1: Multiplying the unrotated constellation point (as defined in Table 7.1.2-1 of TS 36.211 for QPSK and Table 7.1.1-1 for BPSK) by exp(j*pi/2*mod(m,2)) for pi/2-BPSK case and exp(j*pi/4*mod(m,2)) for pi/4-QPSK respectively (refer R1-161448 for more information)
· m increments from the first symbol of the first subframe of a transmission (including repetition). In terms of reset, either m is reset at subframe boundary or m is reset at the end of the transmission (i.e., m increments until the last symbol of the transmission)
· Alt 2: Multiplying the unrotated constellation point (as defined in Table 7.1.2-1 of TS 36.211 for QPSK and Table 7.1.1-1 for BPSK) by exp(j*m*pi/2) for pi/2-BPSK case and exp(j*m*pi/4) for pi/4-QPSK respectively (refer R1-161448 for more information)
· m increments from the first symbol to the last symbol of the subframe. Reset m at subframe boundary.
· Alt 3: Multiplying the unrotated constellation point (as defined in Table 7.1.2-1 of TS 36.211 for QPSK and Table 7.1.1-1 for BPSK) by exp(j*m*pi/2) for pi/2-BPSK case and exp(j*m*pi/4) for pi/4-QPSK respectively (refer R1-161448/R1-161390 for more information)
· m increments from the first symbol of the first subframe to the last symbol of the last subframe transmitted by the UE
· The same phase rotation is applied also to punctured symbol(s)
	Company
	Inputs

	Huawei
	Alt3. We think a textbook definition would be sufficient for pi/2-BPSK and pi/4-QPSK. We don’t see any additional benefit in either Alt1 or Alt2.
We agree with the proposal that phase rotation is applied also to punctured symbol(s). However, we think a more accurate wording would be “puncturing (if any) occurs after phase rotation”.

	LG
	First of all, all alternatives follow a textbook definition. From a UE behaviour perspective, we do not see any complication difference among different alternatives. 
The benefit of Alt 1 or Alt 2 allows that a UE performs phase rotation in every OFDM symbol, however, the rotation pattern remains the same in every subframe in 15 kHz case (and every two NB-slots in 3.75 kHz case). Furthermore, Alt 3 needs to address the case where one uplink transmission does not span continuous subframes for example due to unavailable UL subframe, TDD DL subframe (in future releases), collision with PRACH resources, etc. Overall, keeping the phase rotation pattern confined in a subframe would be better in that sense.  
So, we propose to use Alt.1 or Alt.2.

	Ericsson
	As commented in the telco, the definition of subframe is not clear for all cases. So, this needs to be clarified first. 
We prefer Alt 3, but we prefer to describe the case of 3.7 kHz and 15 kHz separately due to the definition of NB-slot and subframe is not clear yet.  

	Nokia Networks, ALU, ASB
	We are probably fine with either proposal, Alt2 or Alt3, but have a slight preference for Alt3. We don't think there is a big difference from transmitter perspective (assuming that we define the period as multiple NB-slots for 3.75kHz numerology).
We also would prefer that any interruptions in single-tone transmission due to symbol puncturing (or fixed gaps in case of 3.75kHz) do not interrupt the symbol rotation.
Minor related note that we discussed on possible ambiguity related to rotation in R1-160456.

	Fujitsu
	No preference. However We prefer that m is reset at subframe boundary.

	ZTE
	We would prefer Alt3 as it will not reset during multi-subframe transmission.

	Intel
	The benefits of Alt. 1 or Alt. 2 compared to Alt. 3 are not very clear to us either. Even when there may be gaps within the UL burst at the subframe level, as long as there’s no mismatch between the UE and eNB’s understanding of the dropped/postponed subframes, we don’t think there would be any issue with Alt. 3. Further, as pointed out by ZTE, considering multi-NB-slot/subframe transmissions for single-tone NB-PUSCH, resetting at subframe boundaries is better to be avoided.

	MediaTek
	We prefer Alt 3. 

	Sony
	We don’t see the need to reset the phase rotation at the subframe boundaries (Alt 1 and Alt 2).
We don’t see an issue when there are subframe length gaps in UL transmissions (e.g. TDD, invalid subframes). After an interruption, the starting point of the phase rotation doesn’t matter, as long as it is known to both the UE and eNodeB (as is the case for Alt. 3). The Alt.3 rule is the simplest rule and leads to a known phase rotation after both continuous and discontinuous UL transmissions.

	Sharp
	We prefer Alt. 3



4. For a new DM-RS sequence (different from legacy DM-RS sequence) for single tone transmission, please share the preference and the details of DM-RS sequence design (e.g., sequence length, sequence type, etc). Note that it is not precluded that the new DM-RS sequence is also used for multi-tone transmission(s) (see Q5)
A. Option A: Gold-sequence based binary random sequence
B. Option B: QPSK symbol based sequence
C. Option C: other option
	Company
	Inputs

	Huawei
	A

	LG
	Gold sequence can be an essential option for DM-RS sequence for single tone transmission. In terms of details, we should consider inter-cell interference randomization aspects and the length of DM-RS sequence where one sequence could be mapped to multiple OFDM symbols in a resource unit in time domain. The length of sequence and mapping should be determined to guarantee good inter-cell interference randomization and channel estimation performance. For that, for example length 16 or even smaller size of gold sequence can be considered. 

	Ericsson
	We slightly prefer option A. 

	Nokia Networks, ALU, ASB
	(As per Q1) Slight preference towards Option A.

	Intel
	OK with Option A with length 16 sequence.



5.  For DM-RS sequence used for multi tone transmission, please share the views and potential details of DM-RS sequence design.
A. Option A: Always use legacy DM-RS sequence with length of 12 for 3-tone, 6-tone and 12-tone transmission (i.e., DM-RS is mapped over the entire 12 subcarriers regardless of the number of tones used for data transmission for multi-tone transmission)
B. Option B: Introduce another DM-RS sequence with length of 6 and use the new DM-RS sequence with length of 6 for 3-tone and 6-tone, and use legacy DM-RS sequence with length of 12 for 12-tone transmission
C. Option C: Always use the single tone DM-RS sequence for 3-tone, 6-tone and 12-tone transmissions as well. 
D. Option D: other option
	Company
	Inputs

	Huawei
	We slightly prefer Option A.

	LG
	We prefer Option B. Two concerns with Option A. One is that channel estimation performance with length 12 DM-RS sequence compared to length 3 DM-RS sequence with 3-tone transmission may be degraded. The other is that multiplexing between single tone transmission and multi-tone with 3 or 6 tone transmission becomes challenging due to collision between single tone and multi-tone DM-RS transmission. Though Option B requires some work to design a new sequence, we think it is worthwhile to consider at least one new sequence for multi-tone transmission with less than 12 subcarriers. 

	Ericsson
	Option D: We have another option that is to define new DM-RS sequence with length-3 and length-6. 
Otherwise, we can adopt option B with the condition that the subset of the length-6 sequence used for length-3 transmission has good auto- and cross-correlation properties. Please notice that either by splitting or truncating the length-6 sequence for 3-tone transmission may result in larger inter-cell interference due to bad cross-correlation properties. 

	Nokia Networks, ALU, ASB
	Option B. We would prefer using legacy 12-tone DM-RS sequence for 12-tone allocation, and to define new sequence for 3- and 6-tones case with length 3 and 6, correspondingly. Although Option A would be most straight forward, it is not clear if it would be feasible due to interference towards single tone transmission (in case of FDM).

	ZTE
	Option D: Use legacy DM-RS sequence with length of 12 for 12-tone transmission; for 3-tone and 6 tone we prefer to re-use an extension of single tone DM-RS structure.

	Intel
	We have a slight preference for Option A considering simplicity and less specification work. However, this implies some restrictions for FDM option between single-tone and multi-tone transmissions. 
Thus, if restriction to TDM-based multiplexing only is a significant concern, then we can also accept Option B.

	Sharp
	We prefer either option B or Ericsson’s option D for FDM option.



6. Do you see any necessity to change the density of DM-RS (e.g., two or three DM-RS OFDM symbols in each slot) for NB-PUSCH with data transmission from the density of legacy DM-RS (i.e., 1 per each slot) for PUSCH? 
	Company
	Inputs

	Huawei
	No. As shown in R1-160325, the MCL target for NB-PUSCH can be comfortably met by reusing the LTE DMRS density. Only marginal gains were observed when increasing the density to 2 symbols per slot.

	LG
	Based on our evaluation, there could be cases where increased DM-RS density would be beneficial. However, the performance gap is not significant. In that sense, we are fine to use the same density to legacy DM-RS. 

	Ericsson
	We prefer the same density as legacy LTE. 

	Sierra Wireless
	Sierra would like to consider increasing DMRS to help eNB CFO estimation but for SINGLE TONE only case. It has been shown that DMRS increase alone improves BLER by only ~0.5 dB but this did not consider improvements in eNB CFO estimation which will further decrease BLER and allows the eNB to apply longer cross SF Ch estimation which will even further decrease BLER. So the NET we feel the improvement will be much more than 0.5 dB and is worth considering. 

	Nokia Networks, ALU, ASB
	Legacy DM-RS pattern density should be sufficient.

	Fujitsu
	WE prefer the same density as legacy LTE.

	ZTE
	Prefer the same density as legacy LTE.

	Intel
	While we sympathize to some extent with Sierra’s observation on the potential gains from higher DM-RS density for extreme coverage cases (especially in the presence of residual frequency offset and drift), it may be sufficient to rely on cross-subframe channel estimation and go with the existing DM-RS density as in LTE. 

	MediaTek 
	Legacy DM-RS density as LTE for uplink data transmission. 
But for for 1 bit ACK/NACK, we perfere to increase DM-RS density to 3/7.

	Sony
	Our basic position is that we feel that legacy DM-RS density is sufficient.
Regarding Sierra’s point about CFO: we think that CFO is a problem for HD-FDD UEs with long UL transmissions (i.e. for NB-IoT). We think that this should be resolved at the UE side, by inserting UL transmission gaps to allow the UE to reduce its CFO in the first place, rather than to compensate at the eNodeB (with the help of a greater DMRS density).
In terms of Intel’s comment: we are not clear how cross-subframe channel estimation is possible if there is a large CFO. In the eMTC work item it was shown that cross-subframe channel estimation only provides a gain when CFO is low (otherwise it can lead to a performance loss).

	Sharp
	We also prefer the same DM-RS density as legacy LTE


Conclusion & Proposals
The followings were agreed during the email discussions:
· For single-tone NB-PUSCH transmissions, 
· pi/2-BPSK constellation is used for DM-RS sequence for pi/2-BPSK modulated data symbols
· pi/4-QPSK constellation is used for DM-RS sequence for pi/4-QPSK modulated data symbols 
· the same sequence generator is used for DM-RS sequence for both pi/2-BPSK and pi/4-QPSK modulated data symbols 
· DM-RS is not mapped to a OFDM symbol which can potentially collide with LTE SRS 
· In 3.75 kHz, 4th symbol in each NB-slot 
· In 15 kHz, 14th symbol 

The followings are suggested to agree in the meeting 
· DM-RS sequence generation is based on either Gold sequence or PN sequence
· One OFDM symbol in each NB-slot is assumed for DM-RS transmission for NB-PUSCH with data
· Legacy DM-RS sequence with length 12 is used for 12-tone transmission

The followings are suggested to further discuss
· DM-RS phase rotation: 
· decide among three alternatives
· Multi-tone DM-RS decision for 3 and 6 tone transmission
· Alt 1: Use legacy DM-RS sequence mapped to 12 tones
· Alt 2: introduce a new DM-RS sequence length of 6 
· FFS whether DM-RS is mapped to 6 tones or 3 tones for 3 tone transmission
· Alt3: introduce two DM-RS sequence length of 3 and 6 respective which is used for 3 and 6 tone transmission respectively
· Alt4: use single tone DM-RS sequence


