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Introduction
This contributions is a revision of R1-1716406 from RAN1 #AH3. In RAN1 #AH3 [1], a lot of progress was made on the demodulation reference signal (DMRS) for PDSCH and PUSCH. The following agreements were achieved:

Agreement:
For 1-symbol front loaded DMRS, three additional DMRS symbols may be configured for slot-based transsmisions
· The above applies for PDSCH and PUSCH without hopping
· FFS: The applicable subcarrier spacing for the three additional DMRS will be finalized in RAN1#91 
· Note: The above agreement is for PDSCH / PUSCH length of FFS OFDM symbols

Agreement:
Frequency-domain staggering of additional DMRS with respect to the front-load DMRS inside a DL slot is not supported in Rel-15.

Working assumption
For broadcast/multicast PDSCH (other than PBCH): support using the front-load DMRS Configuration 1
· FFS: Whether the above applies for unicast PDSCH transmission before RRC connection 

Agreement:
For a slot, for 2-symbol front-load DMRS, one 2-symbol additional DMRS may be configured.
· further discuss next meeting the support of the case of two 2-symbol additional DMRS.
· companies are encouraged to consider the use case of HST and high order MU-MIMO with more than 6 orthogonal DM-RS ports, with realistic CSI feedback, etc.
DMRS sequence for CP-OFDM based PDSCH and PUSCH is resource specific w.r.t to a wideband CC from network perspective.

Agreement:
NR supports up to 4 ports per-UE in MU-MIMO
· Study further the relation of the maximum number of per-UE MU-MIMO ports to the 1-symbol and 2-symbol DMRS and the configuration type. 

Agreement:
· For slot-based scheduling, for PDSCH, when three additional DMRS symbols are configured for the 1-symbol front-load DMRS with front-load DMRS on the 3rd symbol, the three additional DMRS symbol can be at least configured in the 6th, 9th and 12th symbols.
· Note: See the agreed positions in the figure below.
· The yellow region in the figure below does not contain PDSCH.
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Agreement:
· For slot-based scheduling, for PDSCH, when two additional DMRS symbols are configured for the 1-symbol front-load DMRS with front-load DMRS on the 3rd or 4th symbol, the two 1-symbol additional DMRS symbols can be configured in the {8th, 12th} and {7th, 10th} symbol.
· Note: See agreed positions in the figure below.
· The yellow region in the figure below does not contain PDSCH
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· When the last two symbol of the slot do not contain PDSCH:
· The two additional DMRS can be configured in the {7th,10th} symbol
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Agreement:
· For slot-based scheduling, for PDSCH, when one 2-symbol additional DMRS symbol is configured for the 2-symbol front-load DMRS with the first symbol of front-load DMRS on the 3rd or 4th symbol, the one additional 2-symbol DMRS can be at least configured in the {9th-10th} or {11th-12th} OFDM symbols in a slot
· Example of applicability of the patterns for first symbol of front-load DMRS on the 3rd symbol
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In this contribution, we provide Qualcomm’s views on the remaining issues for DMRS for PDSCH and PUSCH.
DMRS port indication table design principles
The DMRS tables that NR should support should allow enough flexibility to address SU and MU scenarios with high efficiency, without increasing excessively the receiver complexity. Due to the high number of ports and available configurations, we propose NR to support a non-transparent MU-MIMO framework. Such a framework would be needed to help decrease the UE complexity with a minimal increase in the DCI overhead; up to two additional DCI bits overhead. 

Proposal 1: NR supports a non-transparent MU-MIMO framework in which, in each row of the DMRS port indication table, along with the indication of the serving port indices to a UE, an indication of possibly co-scheduled ports (if any) is included.
MU-MIMO port-pairing principle
In an MU-MIMO scenario, we propose the UE to first be assigned ports that are inside a CDM group, and then ports that span across groups. To see why this is the natural choice, consider the following example: Consider the case of 8-port MU in two-symbol config-1, and a UE gets two ports across the two CDM groups. Then, in order the UE to estimate reasonably well its serving ports, it would need to estimate the serving ports and the interfering ports, using a rank-4 channel estimation in both the CDM groups, entailing a relatively high complexity algorithm. For UEs that do not choose to do so, interference in channel estimation due to loss of orthogonality across the serving and interfering ports would result in worse performance. On the other hand, if the two serving ports were assigned inside the same CDM group, then the UE may still perform a rank 2 CE in one CDM group to decouple the 2 serving ports from the 2 interfering ports by exploiting the more robust orthogonality offered by the FDM across groups. In other words, FDMing interfering and serving ports provides a more robust orthogonality compared to CDMing, especially at small PRG sizes. From scheduling perspective, no significant limitation is actually introduced if such a rule is assumed. 
SU-MIMO port-paring principle
In a SU-MIMO scenario, we propose the UE to be able to receive serving ports either across CDM groups or inside the same CDM group to trade-off higher RS overhead with higher dimensions for data.  
For example, consider the case of one-symbol config-1 DMRS in a very high speed scenario. If for rank 2 SU-MIMO the UE always gets CDM-ed ports, then the effective density of the RS per port is comb-4, which, for 30 KHz, results in 120 KHz RS spacing. This spacing may be enough for a TDL-C 300 nsec channel, but not enough for TDL-C 1000nsec to achieve high spectral efficiency. Results on this can be found in the [3]. 
Therefore, for rank 2 SU-MIMO transmission it should be possible to get two ports from different CDM group. However, not all port-pairing need to be supported; asymmetric port picking from different groups only creates UE complications, e.g., getting 3 ports from one group and 1 port from another group is not needed to be supported for SU; a UE may simply get 2 ports from each group. 
Additional considerations
When PTRS is configured, TD-OCC should not be used for orthogonal multiplexing of DMRS ports to a UE, and the maximum number of orthogonal layers should limited to four and six respectively for each DMRS configuration type.
[bookmark: _Ref378529477]Proposal 2: When PTRS is configured, TD-OCC is not being used for orthogonal port multiplexing. 
Proposal 3: NR supports configuring, by dedicated RRC signaling, to a UE a subset of a DMRS port-indication table.
On the signaling of configuring one or two symbol front-load DMRS, we strongly believe that higher layer signalling is more appropriate for the following reasons:
· For the one-symbol DMRS, the gNB could still schedule, with non-orthogonal DMRS, more than the corresponding number of orthogonal DMRS ports if it is needed. Similarly, for the two-symbol DMRS, the gNB could still schedule a small number of ports with data REs FDMed, so there is no problem of having excessive RS overhead.
· Due to the limited available locations of configuring TRS, different DMRS configuration would allow different TRS configurations. Changing dynamically the 1 to 2 symbols for front-load DMRS, it would very likely result to dynamic changing of TRS which would result to high UE complexity.
· Changing dynamically from 1 to 2 symbols leads to significant UE complexity, compared to the case of higher-layer configuration. 
· No simulation results have been presented that demonstrate the need of dynamic switch between one or two symbol front-load DMRS, and how much loss is expected (if any), if this is not supported.

Proposal 4: A UE is configured for the number of front-load DMRS symbols for PUSCH and PDSCH DMRS with higher-layer signaling.
Example of DMRS port table for 1-symbol type 1 and 2 DMRS
Based on the above design principles, we provide DMRS port table for each type and for the 1-symbol case in the Appendix. We repeat here the Table for the 1-symbol type 1 in order to provide the reason behind a few of the proposed lines. A few important comments:
· The rate-matching is implicitly derived by the third column. For example, if a UE is scheduled a port in one comb, and the UE may assume that one of the two ports of the other comb is occupied, then data are not multiplexed on the same symbol. On the other hand, if it is a SU scenario, then it can assume that data FDMed with RS. 
· If a UE is aware that no other interfering port is CDMed with a serving port, it essentially allows for a more robust support of channels with high delay spread. If, on the other hand, a UE can neverl make that assumption, then it would have to assume that the second port of a CDM group is occupied, which results to half effective DMRS frequency domain density. 
	DMRS table Index
	Serving port ID
	UE assumption on possible co-scheduled ports
	Comment/Explanation

	0
	0
	SU
	The UE assumes that data are FDMed in the other comb.

	1
	0
	2
	The UE assumes that no other interfering port is using the same comb. Data is not FDMed with RS.

	2
	2
	0
	

	3
	0
	1,2,3
	In this case, each UE assumes that interfering RS port may be CDMed in frequency. Data is not FDMed with RS.

	4
	1
	0,2,3
	

	5
	2
	0,1,3
	

	6
	3
	0,1,2
	

	7
	0,2
	SU
	Two ports FDMed for one UE.

	8
	0,1
	SU
	Two ports CDMed for one UE. Data is FDMed with RS

	9
	0,1
	2,3
	Two ports CDMed for each UE. Data is not FDMed with RS

	10
	2,3
	0,1
	

	11
	0,1,2
	SU
	Three ports CDMed for one UE. The UE may assume that no other interfering port exist in 2nd comb. 

	12
	0,1,2
	3
	Three ports CDMed for one UE. The UE cannot assume that the 2nd comb is not being used for another port.

	13
	0,1,2,3
	SU
	

	14
	reserved
	reserved
	

	15
	reserved
	reserved
	



We observe, that the above DMRS table allows serving and co-scheduled ports to be CDMed in an MU-scenario. If such a pairing is happening with 1 RB granularity, all the UE would need to perform 1-RB CE, since the UE is not aware of subband information of co-scheduled ports. In order to ensure an enhanced CE performance for both Type 1 and Type 2 in scenarios of MU-MIMO, we propose the resource allocation and PRG to be happening with a 2-PRB granularity, aligned with the already-agreed common/absolute RBG grid. 
Proposal 5: In Rel-15 MU-MIMO, unless otherwise configured, the UE may assume that the resource allocation of serving and co-scheduled ports is happening with a 2-PRB granularity which is aligned with the common RBG wideband grid.
Additional DMRS for mini-slot scheduling
For the 2, 4, 7-symbol mini-slot, due to the small size of the scheduling interval, we propose to re-use only the one symbol front-load DMRS. The 2 or 4 symbol mini-slot do not need an additional DMRS to be configured, whereas for the 7-symbol mini-slot, an additional DMRS may be configured. Note that we can re-use a distance of 3 symbols between the front-load DMRS and the additional DMRS that has been agreed already for DL PDSCH. 
Proposal 6: For the mini-slot DMRS
· For 2-symbol and 4-symbol
· No additional DMRS can be configured. 
· Support at least the 1symbol front-load configuration type 1
· For the 7-symbol mini-slot
· one additional DMRS can be configured for the 1-symbol front-load DMRS. 
· Support at least the 1-symbol front-load configuration type 1
· The additional DMRS can be configured in the 5th symbol starting counting from the front-load DMRS.
DMRS Position for PUSCH
Position of front-load DMRS for PUSCH
In RAN1 86bis, in has been agreed that self-contained slots (K2=0) should be supported at least for some UEs, where UE need to decode UL grant in PDCCH and transmit UL PUSCH in the same slot. That means that we need enough processing time between PDCCH and PUSCH. Front-loaded UL DMRS can be beneficial to this timeline. Figure 1 shows the front-loaded UL DMRS pattern for self-contained slot. Regardless of DL control duration, UL DMRS is always located at the beginning of UL burst. Front-loaded DMRS can provide an additional processing time to decode UL grant and synthesize PUSCH waveforms.
Proposal 7: For PUSCH, front-load DMRS should be fixed in the first symbol with respect to the start of PUSCH scheduling unit. 


[bookmark: _Ref481846738]1st symbol of PUSCH carries UL DMRS 
Since DMRS has a comb structure, the unused tones in the frontloaded DMRS can be potentially used for data transmission. However, for slots with self-contained grant, UE may not have enough timeline to generate transmit data for the frontloaded DMRS symbol. Therefore, we propose the following which prevent to send data on the frontloaded DMRS.
Proposal 8: For PUSCH, in slots with self-contained grant, no data is transmitted on the front-loaded DMRS symbol.
Additional DMRS for PUSCH without hop
The position of additional DMRS for PUSCH should be defined with respect to the first DMRS which is in a fixed position with respect to the start of the PUSCH. We propose NR to support the 1-additional DMRS such that:
· more than 2-symbol extrapolation of the channel estimate is avoided,
· the location of additional DMRS depends on the last PUSCH symbol, as it was the case with PDSCH
· The location is such that if the front-load DMRS of PDSCH is in the 4th symbol, the UL and DL DMRS are configured  on the same symbols.

Proposal 9:  For the PUSCH without a hop, with 1-symbol front-load DMRS on the first symbol of PUSCH
· one 1-symbol additional DMRS can be configured on the 5th, 7th, 9th, 11th symbol starting counting from the front-load DMRS. The one additional DMRS can be configured in the
· 11th symbol for a PUSCH spanning 12 to 14 symbols
· 9th symbol for a PUSCH spanning 10 to 11 symbols
· 7th symbol for a PUSCH spanning 8 to 9 symbols
· 5th symbol for a PUSCH spanning 5 to 7 symbols
· Two 1-symbol additional DMRS can be configured on the 4th, 5th, 6th symbol when the last DMRS symbol is configured the 7th, 9th, 11th symbol respectively, starting counting from the front-load DMRS.
· Three 1-symbol additional DMRS can be configured on the 5th, 8th, 12th for a PUSCH spanning 12 to 14 symbols, starting counting from the front-load DMRS.
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Additional DMRS positions for PUSCH without a hop

Proposal 10: For the PUSCH without a hop, with 2-symbol front-load DMRS starting on the first symbol of PUSCH, one 2-symbol additional DMRS can be configured on symbols
· {10th, 11th} symbols for a PUSCH spanning 12 to 14 symbols 
· {8th, 9th} symbols for a PUSCH spanning 10 to 11 symbols
· {6th , 7th} symbols for a PUSCH spanning 8 to 9 symbols
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Additional DMRS for PUSCH with a hop
For a PUSCH with a hop, it has been agreed that up to one hop could exist inside the PUSCH. It is clear that each hop should have at least the front-load DMRS. Yet, for 2-symbol front-load, there is no need of configuring an additional DMRS, due to the large overhead that this would entail (8 total symbols in a slot). For the 1-symbol front-load, we propose to have additional DMRS on the same location as the 7-symbol mini-slot case, i.e, the 5th symbol starting counting from the front-load DMRS of the corresponding hop.

Proposal 11: For the PUSCH with a hop, 
· with 1-symbol front-load DMRS on the first symbol of PUSCH of each hop, one 1-symbol additional DMRS can be configured in each hop on the 5th symbol starting counting from the front-load DMRS of the corresponding hop
· with 2-symbol front-load DMRS, no additional DMRS can be configured
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DMRS bundling and slot aggregation considerations
In scenarios of slot aggregation, DMRS design should not be dependent on whether and how many slots are aggregated. Such a dependency on the slot aggregation would only increase complexity with potential performance loss in several scenarios. For example, we observed that in most scenarios removing one of the symbols leads to performance degradation due to the processing gain loss. Also, removing the front-load DMRS could have system-level performance impact due to the fact that inter-cell interference will be more difficult to handle when the neighbour cell is using a slot with one symbol front-load DMRS (Data-aided-interference cancellation from neighbour cell is more difficult).
Proposal 12: In scenarios of DMRS bundling in time domain, DMRS pattern of the bundled slots is not impacted. 
DMRS for broadcast PDSCH
Broadcast/multicast PDSCH channel carries broadcast system information not transmitted in the PBCH channel which includes, System Information blocks (SIB), Paging, RRC signaling messages. RAN2 has identified that approximately 250 bits will be used for SIB. In [2] we provide numerical results which compare the case of using two-symbol config-2 and one symbol config-1 with additional DMRS. 
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It is observed that, due to the small frequency domain density of config-2, staggering would be needed to get closer to the config-1 performance, but it is still 0.5 dB worse compared to a non-staggered config-1 approach as shown above. Also, at least 2 additional looks are needed inside a slot with at least total 18 REs for the one port to get enough processing gain to reach the cell edge. Overall we propose use config-1 with at least a total of 3 DMRS symbols for the following reasons:
· Best performance compared to the two-symbol config-2 with or without freq. domain staggering.
· No frequency domain staggering is needed which leads to easier receiver implementation.
· The broadcast PDSCH DMRS using config-1 is the same with one of the patterns used for unicast PDSCH for very high speed scenarios. 
· Allows for up to 4 symbol UL burst, up to 3 symbols control, and still ensures at least 3 looks in time and dense pattern in frequency to ensure robust performance at the worst channel conditions (e.g. TDL-C 1000 nsec and 1850 Hz Doppler spread which corresponds to 500kmh at 4 GHz).
Based on the above, and using a starting point the unicast DMRS patterns, we propose to re-use the DMRS pattern of unicast PDSCH with 2 additional DMRS symbols for broadcast/multicast PDSCH carrying slot-based RMSI.
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For the PDSCH before RRC configuration, e.g. carrying slot-based OSI, depending on information on RMSI, it should be possible to configure to a UE a different DMRS pattern. The reason to do that is to allow for a DMRS pattern with lower DMRS CE extrapolation when PDSCH could span even at later symbols in the slot. 

Proposal 13: Confirm working assumption on using configuration type 1 for Broadcast/multicast PDSCH DMRS.
· For the DMRS pattern of broadcast/multicast PDSCH carrying slot-based RMSI, support two additional 1-symbol DMRS on the 7th and 10th symbol.
· For the DMRS pattern of PDSCH before RRC configuration, e.g., carrying slot-based OSI (other system information), support
· For the front loaded DMRS in the 3rd OFDM symbol case: 
· additional DMRS may be configured either on the {6th, 8th, 12th} or the {7th, 10th} symbols 
· For the front loaded DMRS in the 4th OFDM symbol case: 
· additional DMRS may be configured either on the {8th, 12th} or the {7th, 10th} symbols
· Note: The configured pattern depends on information inside the RMSI
Collision handling of DMRS and PSS/SSS
DMRS patterns are already highly configurable. Introducing heuristic DMRS shifting would only increase the UE complexity with performance gains that are questionable. The network for example may schedule mini-slots to handle the collision of DMRS with PSS/SSS. Therefore, if such collision cannot be avoided by configuration we propose DMRS puncturing to occur. 
Proposal 14:  For collision handling of DMRS with SS-block, in Rel-15 support the following: 
· PRG-aligned DMRS puncturing when DMRS collides with SS-block. 
· In scenarios where not all DMRS symbols collide with SS-block, the same PRG-aligned DMRS puncturing occurs in all DMRS symbols.
· PRB-based rate matching of the PDSCH channel.
· The PDSCH channel is rate matched such that all PRBs with non-punctured DMRS contained also PDSCH
Sequence design and PN sequence for DL/UL CP-OFDM
The reference signal sequence derivation for DMRS should be based on QPSK sequence 


where c(i) is a length-31 Gold sequence (same as LTE).
Proposal 15: DMRS PN sequence is the length-31 Gold sequence (same as LTE)
Proposal 16: Initialization of the PN generator c(i) for each symbol carrying DMRS depends on:
· Virtual cell ID (10 bits), 
· UE SCID (1 bit), 
· Symbol index of the DMRS with respect to the start of the radio frame (12 bits)
· Note: The RS in two TD-OCCed symbols will use the symbol index of the 1st symbol.  

Regarding the 12 bits for symbol index, this is derived assuming 240kHz SCS, with 10ms radio frame, which leads to 2240 symbols.
DFT-S-OFDM sequence design
For cell edge UEs with link budget limited UEs, waveform with low PAPR e.g., DFT-s-OFDM may be used for PUSCH transmission. For simplicity of the design we propose to use a similar approach as in Rel-13 comb-2 sequence, unless a significantly better approach can be identified. 

Proposal 17: For PUSCH with DFT-S-OFDM waveform, NR reuses the Rel-13 DFT-S-OFDM sequences for comb-2.
· Note: The RS in two TD-OCCed symbols will use the symbol index of the 1st symbol.  
· FFS: Relation of applicability of different root to different symbol transmission

When UEs with DFT-s-OFDM are to be multiplexed with UEs with OFDM in MU-MIMO scenario, the orthogonality of the RS may be satisfied with FDM, i.e., RS tones from the UEs with different waveform may be interlaced in frequency domain.
/2 BPSK DMRS design
It has been agreed that /2 BPSK is supported. We now provide our proposal on the pilot design for /2 BPSK.
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PAPR of Zadoff-Chu Sequence with FDSS [0.28,1,0.28] (Length of ZC Sequence=239, Number of Allocated Tones = 240)
The above Figure shows the PAPR of Zadoff-Chu sequence when it goes through FDSS (frequency domain spectral shaping). FDSS is chosen as the one that corresponds to [0.28,1,0.28] in time domain. The ZC sequence length is chosen as 239, and the total number of allocated RBs are 20. As shown in the Figure, even the best 30 Zadoff-Chu sequences with FDSS has at least 1 dB higher PAPR than DFT-s-OFDM waveform with the same FDSS.
Chu-sequence-based DMRS sequences has worse PAPR than Pi/2 BPSK data with filtering. Therefore, new DMRS sequences should be designed for pi/2 BPSK modulation to meet the same PAPR requirement as the data symbols. Furthermore, for the new DMRS sequences, low auto/cross-correlation and frequency domain flatness properties are desired.
To satisfy these requirements, we propose the following pi/2 BPSK DMRS sequence design based on gold sequences.
Step 1) Generate a set of gold sequences with length  where each gold sequence associated with different initial conditions or different primitive polynomials, and modulate by BPSK.
Step 2) Truncate or cyclically extend the gold sequences to the number of allocated tones.
Step 3) Phase Rotation by pi/2.
Step 4) Modulate by DFT-s-OFDM with a proper filtering.
Step 5) Down select sequences based on auto/cross-correlation, frequency domain flatness, and PAPR properties.
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Gold Sequence based Reference Signal Generation for pi/2 BPSK with Filtering
The above figure gives a pictorial description of Step (1)-(5), the processing for each gold sequence. The gold sequences are first extended or truncated to fit to the desired number of tones. To introduce pi/2 BPSK modulation without changing frequency domain properties, we introduce pi/2 rotation to each sequence. Finally, each sequence is modulated by DFT-s-OFDM with filtering.
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a)													b) 												c)
[bookmark: _Ref492903667]a) Auto-correlation of a truncated gold sequence with length 98 (127 truncated by 29). b) Frequency domain amplitude of a truncated gold sequence with length 98 (127 truncated by 29). PAPR of 98 truncated gold sequences with length 98 (127 truncated by 29), DFT-s-OFDM modulation, and [0.28,1,0.28] filtering.
The above figures show auto-correlation, frequency domain flatness, and PAPR of the proposed DMRS sequences for pi/2 BPSK modulation. As shown above, even the cyclically-extended gold sequences have low-auto-correlation property. The above figure (b) shows the corresponding frequency domain amplitude is relatively flat. The above figure (c) shows that all the DMRS sequences generated by the proposed procedure has low PAPR compatible to that of pi/2 BPSK modulated symbols with filtering. 
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Pi/2 BPSK performance with Chu and Gold-Sequence-based DMRS with realistic estimation
The above figures show the Pi/2 BPSK performance with different DMRS sequences and channel estimation algorithms. The chu-sequence based DMRS sequences have frequency domain flatness, but as discussed above, at least 1 dB higher PAPR than pi/2 BPSK signals. The proposed gold-sequence based DMRS sequences have frequency domain fluctuation, but have the same PAPR as pi/2 BPSK signals. For the channel estimation algorithms, both time domain and frequency domain channel estimation algorithms are considered. The above figures show that in spite of the frequency domain fluctuation, the channel estimation and link level performances between two DMRS sequences are almost equivalent regardless of channel estimation algorithms, MCS, the number of allocated tones, and the number of DMRS symbols. 
[bookmark: _GoBack]Therefore, based on the above observations, we have the following proposal.
Proposal 18: NR should support new DMRS sequence designed for Pi/2 BPSK modulation, e.g. pre-DFT-s gold-sequence-based DMRS sequences.
On the topic of DMRS design for Pi/2 BPSK, another important aspect is deciding the number of DMRS symbols per slot. Since the Pi/2 BPSK normally targeting UL transmission with very low SNR (for coverage enhancement), one DMRS symbol may not be enough to provide channel estimation with good enough quality. Multiple DMRS symbols may be needed depends on operating SNR region. As shown in the below three figures, to deliver a given size TB with smallest TBER, the number of DMRS symbols increases with lower SNR. 
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[bookmark: _Ref492590330]Pi/2 BPSK performance in low, medium, and high SNR region
Conclusions
We propose:
Proposal 1: NR supports a non-transparent MU-MIMO framework in which, in each row of the DMRS port indication table, along with the indication of the serving port indices to a UE, an indication of possibly co-scheduled ports (if any) is included.

Proposal 2: When PTRS is configured, TD-OCC is not being used for orthogonal port multiplexing. 
Proposal 3: NR supports configuring, by dedicated RRC signaling, to a UE a subset of a DMRS port-indication table.
Proposal 4: A UE is configured for the number of front-load DMRS symbols for PUSCH and PDSCH DMRS with higher-layer signaling.

Proposal 5: In Rel-15 MU-MIMO, unless otherwise configured, the UE may assume that the resource allocation of serving and co-scheduled ports is happening with a 2-PRB granularity which is aligned with the common RBG wideband grid.

Proposal 6: For the mini-slot DMRS
· For 2-symbol and 4-symbol, 
· No additional DMRS can be configured. 
· Support at least the 1-symbol front-load configuration type 1
· For the 7-symbol mini-slot
· one additional DMRS can be configured for the 1-symbol front-load DMRS. 
· Support at least the 1-symbol front-load configuration type 1
· The additional DMRS can be configured in the 5th symbol starting counting from the front-load DMRS.

Proposal 7: For PUSCH, front-load DMRS should be fixed in the first symbol with respect to the start of PUSCH scheduling unit.
Proposal 8: For PUSCH, in slots with self-contained grant, no data is transmitted on the front-loaded DMRS symbol.
Proposal 9:  For the PUSCH without a hop, with 1-symbol front-load DMRS on the first symbol of PUSCH
· one 1-symbol additional DMRS can be configured on the 5th, 7th, 9th, 11th symbol starting counting from the front-load DMRS. The one additional DMRS can be configured in the
· 11th symbol for a PUSCH spanning 12 to 14 symbols
· 9th symbol for a PUSCH spanning 10 to 11 symbols
· 7th symbol for a PUSCH spanning 8 to 9 symbols
· 5th symbol for a PUSCH spanning 5 to 7 symbols
· Two 1-symbol additional DMRS can be configured on the 4th, 5th, 6th symbol when the last DMRS symbol is configured the 7th, 9th, 11th symbol respectively, starting counting from the front-load DMRS.
· Three 1-symbol additional DMRS can be configured on the 5th, 8th, 12th for a PUSCH spanning 12 to 14 symbols, starting counting from the front-load DMRS.

Proposal 10: For the PUSCH without a hop, with 2-symbol front-load DMRS starting on the first symbol of PUSCH, one 2-symbol additional DMRS can be configured on symbols
· {10th, 11th} symbols for a PUSCH spanning 12 to 14 symbols 
· {8th, 9th} symbols for a PUSCH spanning 10 to 11 symbols
· {6th , 7th} symbols for a PUSCH spanning 8 to 9 symbols

Proposal 11: For the PUSCH with a hop, 
· with 1-symbol front-load DMRS on the first symbol of PUSCH of each hop, one 1-symbol additional DMRS can be configured in each hop on the 5th symbol starting counting from the front-load DMRS of the corresponding hop
· with 2-symbol front-load DMRS, no additional DMRS can be configured

Proposal 12: In scenarios of DMRS bundling in time domain, DMRS pattern of the bundled slots is not impacted. 
Proposal 13: Confirm working assumption on using configuration type 1 for Broadcast/multicast PDSCH DMRS.
· For the DMRS pattern of broadcast/multicast PDSCH carrying slot-based RMSI, support two additional 1-symbol DMRS on the 7th and 10th symbol.
· For the DMRS pattern of PDSCH before RRC configuration, e.g., carrying slot-based OSI (other system information), support
· For the front loaded DMRS in the 3rd OFDM symbol case: 
· additional DMRS may be configured either on the {6th, 8th, 12th} or the {7th, 10th} symbols 
· For the front loaded DMRS in the 4th OFDM symbol case: 
· additional DMRS may be configured either on the {8th, 12th} or the {7th, 10th} symbols
· Note: The configured pattern depends on information inside the RMSI

Proposal 14:  For collision handling of DMRS with SS-block, in Rel-15 support the following: 
· PRG-aligned DMRS puncturing when DMRS collides with SS-block. 
· In scenarios where not all DMRS symbols collide with SS-block, the same PRG-aligned DMRS puncturing occurs in all DMRS symbols.
· PRB-based rate matching of the PDSCH channel.
· The PDSCH channel is rate matched such that all PRBs with non-punctured DMRS contained also PDSCH

Proposal 15: DMRS PN sequence is the length-31 Gold sequence (same as LTE).
Proposal 16: Initialization of the PN generator c(i) for each symbol carrying DMRS depends on:
· Virtual cell ID (10 bits), 
· UE SCID (1 bit), 
· Symbol index of the DMRS with respect to the start of the radio frame (12 bits)
· Note: The RS in two TD-OCCed symbols will use the symbol index of the 1st symbol.  

Proposal 17: For PUSCH with DFT-S-OFDM waveform, NR reuses the Rel-13 DFT-S-OFDM sequences for comb-2.
· Note: The RS in two TD-OCCed symbols will use the symbol index of the 1st symbol.  
· FFS: Relation of applicability of different root to different symbol transmission

Proposal 18: NR should support new DMRS sequence designed for Pi/2 BPSK modulation, e.g. pre-DFT-s gold-sequence-based DMRS sequences.
References
[1] [bookmark: _Ref462836996]RAN1 #AH3 Chairman’s notes
[2] R1-1718553, “Evaluation of DL DMRS design”, Qualcomm Incorporated
Appendix
For the 1-symbol DMRS, the following port numbering has been agreed:
[image: ]						[image: ]
We provide the following DMRS table assuming non-transparent MU-MIMO:
Single Symbol front loaded table proposal for Type 1 DMRS
	DMRS table Index
	Serving port ID
	UE assumption on possible co-scheduled ports

	0
	0
	SU

	1
	0
	2

	2
	2
	0

	3
	0
	1,2,3

	4
	1
	0,2,3

	5
	2
	0,1,3

	6
	3
	0,1,2

	7
	0,2
	SU

	8
	0,1
	SU

	9
	0,1
	2,3

	10
	2,3
	0,1

	11
	0,1,2
	SU

	12
	0,1,2
	3

	13
	0,1,2,3
	SU

	14
	reserved
	reserved

	15
	reserved
	reserved



Single Symbol front loaded table proposal for Type 2 DMRS
	DMRS table Index
	Serving port ID
	UE assumption on possible co-scheduled ports

	0
	2
	SU

	1
	2
	0

	2
	0
	2

	3
	0
	2,4

	4
	2
	0,4

	5
	4
	0,2

	6
	0
	1,2,3

	7
	1
	0,2,3

	10
	2
	0,1,3

	11
	3
	0,1,2

	12
	0
	1,2,3,4,5

	13
	1
	0,2,3,4,5

	14
	2
	0,1,3,4,5

	15
	3
	0,1,2,4,5

	16
	4
	0,1,2,3,5

	17
	5
	0,1,2,3,4

	18
	2,3
	SU

	19
	0,1
	2,3

	20
	2,3
	0,1

	22
	0,1
	2,3,4,5

	23
	2,3
	0,1,4,5

	24
	4,5
	0,1,2,3

	25
	0,2,3
	SU

	26
	0,2,3
	1,4,5

	27
	1,4,5
	0,2,3

	28
	0,1,2,3
	SU

	29
	0,1,2,3
	4,5

	30
	0,1,2,3,4
	SU (2 CW)

	31
	0,1,2,3,4,5
	SU (2 CW)

	32
	reserved
	reserved
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