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[bookmark: _Ref178064866]In this contribution, we address the remaining details on the DMRS design for both UL and DL.
DL DMRS patterns
Default DL DMRS pattern
A default DMRS pattern will be needed for receiving messages via PDSCH before a UE has been RRC configured. The design of the default DMRS pattern must be robust and provide sufficiently accurate channel estimates at low SINRs, high Doppler spreads and large channel delay spreads. In other words, a default DMRS pattern should be dense in both frequency and time but there would be a trade-off between additional overhead for channel processing gain versus reduced coding gain for messages with fixed transport block sizes. 
In the previous RAN1 a working assumption was made that DMRS configuration 1 is used for broadcast and multicast:
· 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 

An open issue is whether the same default pattern is used for unicast before RRC connection, e.g. to receive the actual RRC configuration. Such message can be quite large, up to 1000 bits or even more if more advanced functionality is introduced.
We have performed a set of evaluations, see [1], to validate the working assumption and has come to the conclusion that it can be confirmed.
Moreover, it has been agreed to use at least two additional DMRS symbols for the default DMRS pattern and based on our evaluations (see results in [1]), we see that two additional outperforms three additional DMRS symbols.
[bookmark: _Toc494352385][bookmark: _Toc494352411][bookmark: _Toc494356594][bookmark: _Toc494356675][bookmark: _Toc494368400][bookmark: _Toc494370561][bookmark: _Toc494391436][bookmark: _Toc494713959][bookmark: _Toc494742478]Confirm WA for default pattern for broadcast/multicast PDSCH using the front-load DMRS Configuration 1 with two additional DMRS symbols (1+1+1) and use the same pattern for unicast transmissions before RRC configuration. Also, it is preferred using non- FDM between DMRS and single-port transmission of PDSCH.

DMRS pattern selection dependence on slot format
For the 2+2 DMRS mapping case, it is still an open issue on which pattern to use for which slot format. As general rules, extrapolation of more than 2 PDSCH OFDM symbols after the last DMRS symbol should not be used and that we should have at least one PDSCH symbol after the last DMRS symbol for the nominal pattern (e.g. used in FDD). Also, 2+2 patterns when the front loaded are mapped to 4th and 5th symbol are missing. These design principles gives these patterns
[bookmark: _Toc494352386][bookmark: _Toc494352412][bookmark: _Toc494356595][bookmark: _Toc494356676][bookmark: _Toc494368401][bookmark: _Toc494370562][bookmark: _Toc494391437][bookmark: _Toc494713960][bookmark: _Toc494742479]For 2+2 DMRS mapping case in DL, support one additional 2-symbol DMRS in symbols {11,12} if the PDSCH ends in symbol 12,13 or 14 and in symbols {9,10} if the PDSCH ends in symbol 10,11. 

[bookmark: _GoBack][image: ]
Figure 1 DL DMRS pattern for different slot formats in case of 2+2 mapping
2.3.	DL DMRS patterns for mini-slots
For December “release” of NR, RAN1 should focus on mini slots of length 2,4 and 7 symbols. It has been agreed that DMRS is in the 1st symbol of the scheduled data. This can lead to problems with channel estimation  in case a CORESET is also present in the first OFDM symbol of the mini-slot. In that case, the PDSCH (and thus DMRS) can start in the next OFDM symbol after the CORESET, or can be scheduled in an non-overlapping bandwidth with respect to the CORESET. More discussion is needed how to handle the case when this occurs.
The design principle for the non-problematic case can be as follows:
[bookmark: _Toc494368402][bookmark: _Toc494370563][bookmark: _Toc494391438][bookmark: _Toc494713961][bookmark: _Toc494742480]For mini-slot (PDSCH scheduling type B), use the pattern from slot based (PDSCH scheduling type A), with two additional positions (DL-DMRS-add-pos=2), where the mini-slot PDSCH is starting from the first front loaded DMRS symbol and there is no CORESET in the same symbol as DMRS that overlaps in frequency with PDSCH. FFS in the case a CORESET and PDSCH starts in the same OFDM symbol and (partly) overlap in frequency domain.
This means that we have these DMRS patterns for mini-slots of length 2,4 and 7:
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Figure 2 DL DMRS patterns for PDSCH scheduling type B (mini-slot) for duration of 2,4 and 7 symbols.
UL DMRS patterns
UL DMRS in UL only slots
It has previously been concluded that RAN1 should strive for a symmetrical DL and UL DMRS design (CP-OFDM). For the front-loaded DMRS with one 1-symbol additional DMRS this would imply for slots that the UL DMRS could be in 3rd, 4th, 8th, 10th and 12th symbol. However, a unified DL and UL location of the DMRS symbols will not be possible for mixed slots since the GP in UL heavy slots will delay the UL DMRS with respect to DL. On the other hand, for normal slots with UL only there could be UL DMRS symbol alignments with DL DMRS. 
The placements of other UL transmissions such as SRS and short PUCCH may however impact the locations of the UL DMRS for PUSCH and since the transmit power of the other UL transmissions and the DMRS may differ there will be power ramping aspect to be considered in this case as well. By placing the other UL transmissions after PUSCH and DMRS, multiple power ramping occasions within the slot can be avoided. 
An SRS resource in NR could refer to 1, 2 or 4 symbols and with short PUCCH of 1 or 2 symbols the one 1-symbol additional UL DMRS could be in 12th, 10th and 8th symbol depending on PUSCH allocation, as illustrated in Figure 2. It can though be observed that for avoiding DMRS to be adjacent to a 6-symbol allocation of the other UL transmission one would need to consider additional locations for UL DMRS. 
Another DL/UL symmetrical aspect is whether to consider first UL DMRS to be symbol-aligned with DL DMRS for the case of 3-symbols PDCCH. With PUSCH starting at the first symbol of the slot, this would impose channel extrapolation over 3 symbols. 
[bookmark: _Toc494352388][bookmark: _Toc494352414][bookmark: _Toc494356596][bookmark: _Toc494356677][bookmark: _Toc494368403][bookmark: _Toc494370564][bookmark: _Toc494391439][bookmark: _Toc494713962][bookmark: _Toc494742481][bookmark: _Toc494352389][bookmark: _Toc494352415]For PUSCH in a slot with UL only transmissions where PUSCH starts at the first OFDM symbol, then the first DMRS symbol is at the 3rd symbol and the same patterns and slot format dependence (i.e. last PUSCH symbol) as DL DMRS with first DMRS in 3rd symbol is used for UL DMRS (including 1+0, 2+0, 2+2, 1+1+1 and 1+1+1+1 patterns)
UL DMRS in mixed DL/UL slots
When considering slots with a DL/UL switch, the locations of the UL DMRS symbols can in principle be aligned with the locations of the DL DMRS symbols. In DL though, the length of the PDCCH region will define the start of the DL DMRS which will not necessary be the case in UL where the start of the UL DMRS could be in the first OFDM symbol of the UL transmission.
Transmitting DMRS in the first OFDM symbol of the UL transmission could degrade the channel estimation if the transmit power ramping is not settled in advance to the presence of the DMRS. Evidently, poor channel estimates in the beginning of a slot would affect the whole demodulation of PUSCH. On the other hand, performance degradation could also be the case when transmitting PUSCH in the first OFDM symbol of the UL transmission when codewords are mapped in frequency first. Furthermore, there is also a PUSCH building processing time aspect with PUSCH in the first OFDM symbol of the UL transmission in latency critical applications, with an UL grant being valid for the same slot as the UE received the UL grant.
This transmit power ramping aspect is still under discussion in RAN4 [2], but irrespectively of DMRS or PUSCH in the first symbol of an UL transmission there will be a performance impact with transmit power ramping affecting the UL transmission. With respect to this observation, we propose the following 
[bookmark: _Toc494352387][bookmark: _Toc494352413][bookmark: _Toc494356597][bookmark: _Toc494356678][bookmark: _Toc494368404][bookmark: _Toc494370565][bookmark: _Toc494391440][bookmark: _Toc494713963][bookmark: _Toc494742482]In mixed DL/UL slots, where the PUSCH transmissions does not start at the first OFDM symbol in the slot, the first UL symbol contains the first front loaded DMRS symbol.
For the 1+1 case, the proposed DMRS patterns in UL only slots can be reused for the mixed slots, that is, the additional DMRS can be placed in symbol 11,9,7,5 relative to the front loaded DMRS symbol.

[bookmark: _Toc494356598][bookmark: _Toc494356679][bookmark: _Toc494368405][bookmark: _Toc494370566][bookmark: _Toc494391441][bookmark: _Toc494713964][bookmark: _Toc494742483]For mixed DL/UL slots, the single additional DMRS can be placed in symbol 11,9,7,5 relative to the front loaded DMRS symbol and there is at least one and at most two PUSCH symbols after the additional DMRS except for PUSCH duration of 5 symbols or shorter.  See Figure 3 for patterns.
 [image: ]
Figure 3 PUSCH regions and placements of 1+1 DMRS in case of mixed slots where a non-UL region precedes the first OFDM symbol. 
In case of the high speed DMRS patterns 1+1+1, the DMRS pattern for UL in mixed slots can follow a simple rule:
[bookmark: _Toc494356599][bookmark: _Toc494356680][bookmark: _Toc494368406][bookmark: _Toc494370567][bookmark: _Toc494391442][bookmark: _Toc494713965][bookmark: _Toc494742484]In case 3 symbols is used for PUSCH in slots with mixed UL and DL, the DMRS is mapped equally spaced in between the 1+1 patterns for 2 symbols. 
This design rule gives these supported patterns:
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Figure 4 PUSCH regions and placements of 1+1+1 DMRS in case of mixed slots where a non-UL region precedes the first OFDM symbol.
In case of the high speed DMRS patterns 1+1+1+1 in mixed slots, the DMRS pattern for UL in mixed slots can follow a simple rule:
[bookmark: _Toc494356681][bookmark: _Toc494368407][bookmark: _Toc494370568][bookmark: _Toc494391443][bookmark: _Toc494713966][bookmark: _Toc494742485]In case 4 symbols is used for PUSCH in slots with mixed UL and DL, the DMRS is mapped equally spaced with distance 3 symbols.
This rule gives these supported patterns:
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Figure 5 PUSCH regions and placements of 1+1+1+1 DMRS in case of mixed slots where a non-UL region precedes the first OFDM symbol.

UL DMRS for mini-slots
For UL mini-slots, our proposal is to follow the same DMRS patterns as for DL mini-slots:
[bookmark: _Toc494368408][bookmark: _Toc494370569][bookmark: _Toc494391444][bookmark: _Toc494713967][bookmark: _Toc494742486]The same DMRS pattern is used for a given duration mini-slot when used in  UL and DL
This means that we have these DMRS patterns for mini-slots of length 2,4 and 7:
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Figure 6 UL DMRS patterns for UL mini-slot for duration of 2,4 and 7 symbols.

DMRS for UL frequency hopping
In case of frequency hopping in UL for DFT-s-OFDM, where the OFDM symbols in a slot are divided into two chunks of consecutive OFDM symbols, a simple rule can be adopted, where the DMRS patterns from two mini slots are used:
[bookmark: _Toc494370570][bookmark: _Toc494391445][bookmark: _Toc494713968][bookmark: _Toc494742487]For UL frequency hopping, use the mini-slot DMRS pattern in each of the two groups of OFDM symbols, corresponding to the length of the group. 
For example, we may have this pattern:
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Figure 7 DMRS pattern for UL frequency hopping, re-using the pattern of two minis-lots

Consideration of front-loaded DMRS and CFO estimation in UL
In LTE, UL DMRS for PUSCH are always located in 4th and 11th symbol of a subframe which means that the base station can use DMRS for CFO estimation. However, in NR with the possibility to configure front-loaded UL DMRS only there will be a need to address CFO estimation in UL without imposing scheduling constraints.
One possibility to address this would be to configure UL PTRS also in sub-6 deployments with the property of being relatively sparse in time, sufficiently dense within the scheduled bandwidth and MCS independent. A major difference between CPE and CFO estimation is though the time scale for the need of compensating for the phase distortion; where the CPE may need to be compensated on a symbol level the CFO compensation can be done on a multiple frame level.
By always including PTRS in a PUSCH transmission may thus lead to unnecessary overhead in sub-6 deployments. Instead of always including PTRS for CFO estimation, the presence of PTRS could be triggered by the UL grant.  
An alternative to trigger PTRS would be to trigger presence of additional DMRS, i.e. in addition to being configured with front-loaded DMRS a UE is also configured with a DMRS pattern that can be triggered to enable CFO estimation at the base station. This DMRS pattern could refer to an UL DMRS configuration that includes the front-loaded DMRS in conjunction with the additional DMRS.
In the previous RAN1 though, the following working assumption was made with respect to DMRS for PUSCH: 
· A UE is configured with the number of additional DMRS for PDSCH and as a working assumption for PUSCH with the following signaling method:
· By UE-specific higher layer signaling
· For PUSCH, companies are encouraged to perform analysis/evaluations taking into account T/F sync impact particularly for front-loaded DM-RS
Introducing a DCI based switching of the DMRS pattern for PUSCH (to assist T/F sync) means that the current working assumption above cannot be confirmed if additional DMRS is always present when configured by higher layer signaling. However, there is a need to address this issue so one of the options discussed above should be considered. 
[bookmark: _Toc494352391][bookmark: _Toc494352417][bookmark: _Toc494356600][bookmark: _Toc494356682][bookmark: _Toc494368409][bookmark: _Toc494370571][bookmark: _Toc494391446][bookmark: _Toc494713969][bookmark: _Toc494742488]RAN1 should select one of the following options to assist CFO estimation in UL with front-loaded DMRS:
· [bookmark: _Toc494352392][bookmark: _Toc494352418][bookmark: _Toc494356601][bookmark: _Toc494356683][bookmark: _Toc494368410][bookmark: _Toc494370572][bookmark: _Toc494391447][bookmark: _Toc494713970][bookmark: _Toc494742489]A UE can be configured with additional DMRS which presence can be dynamically indicated
· [bookmark: _Toc494352393][bookmark: _Toc494352419][bookmark: _Toc494356602][bookmark: _Toc494356684][bookmark: _Toc494368411][bookmark: _Toc494370573][bookmark: _Toc494391448][bookmark: _Toc494713971][bookmark: _Toc494742490]A UE can be configured with a PTRS pattern that does not depend on MCS and its presence can be dynamically indicated
· [bookmark: _Toc494352394][bookmark: _Toc494352420][bookmark: _Toc494356603][bookmark: _Toc494356685][bookmark: _Toc494368412][bookmark: _Toc494370574][bookmark: _Toc494391449][bookmark: _Toc494713972][bookmark: _Toc494742491]A UE can be configured with a PTRS pattern that does not depend on MCS and is always transmitted in conjunction with PUSCH

Antenna port mapping
The DCI will contain antenna port mapping tables that for each value selects R antenna ports where R is the number of received or transmitted layers by the UE. In LTE, the n_SCID is encoded into the antenna port mapping table as well, but since scrambling of DMRS is independent of the antenna port selection, it can be moved out of the table and encoded in the Transmission Configuration Information (TCI) states. Hence, each TCI state is RRC configured with a n_SCID value. This allows for very flexible MU-MIMO operation where non-orthogonal MU-MIMO scheduling can be obtained between UEs with e.g rank 2 and rank 3 reception respectively, using non-orthogonal DMRS. 
[bookmark: _Toc494352395][bookmark: _Toc494352421][bookmark: _Toc494356604][bookmark: _Toc494356686][bookmark: _Toc494368413][bookmark: _Toc494370575][bookmark: _Toc494391450][bookmark: _Toc494713973][bookmark: _Toc494742492]DMRS scrambling ID is RRC configured and encoded into TCI states and not in the antenna port mapping table as in LTE
On the other hand, some other parameters can benefit to be encoded into the antenna port mapping table since there are dependencies with which ports are used. One is the FDM with data, which only applies when RE are available in the OFDM symbol, e.g. for rank 1 scheduling in SU-MIMO. Note that even if the UE receives rank 1, another UE can be scheduled on another FDM comb and hence both states with and without DMRS/PDSCH FDM needs to be encoded into the table.
Secondly, for PTRS mapping in case of FD-CDM, which subcarrier the PTRS should be mapped to can also be encoded into the table (without any impact on the table itself, i.e. no additional states are introduced).  
[bookmark: _Toc494391451][bookmark: _Toc494713974][bookmark: _Toc494742493]When PTRS is enabled, the antenna port mapping tabled indicates which subcarrier the PTRS should be mapped to in case two ports shared by FD-OCC are used for two different UEs in MU-MIMO scheduling 
The antenna port mapping table design follow some principles:
· It is sufficient to limit to 8 MU-MIMO scheduled UEs with single layer per UE, hence port 1008-1011 need not be used for rank 1 transmission
· It should be possible to schedule 2 layers per UE in MU-MIMO utilizing the maximal number of orthogonal DMRS ports,
· It should be possible to separate ports using FDM as well as using FD-CDM only and TD-CDM only for rank 2 SU-MIMO transmissions
· For support up to rank 8 transmission, two DMRS symbols are always configured.
· It should be possible to schedule 2 layer SU-MIMO using FDM:ed antenna ports where the UE is indicated that there is no MU-MIMO interference or if there is MU-MIMO interference (non-transparent MU-MIMO)
· Although possible to schedule up to 4 layers per UE in MU-MIMO, the table does not need to contain many scheduling alternatives for MU-MIMO between UEs with more than 2 layers per UE
· In case of 2 front loaded symbols, it is important to support FDM with data, otherwise the DMRS overhead will be very large in case additional 2 back loaded symbols are also configured. 
· For highest possible NR user throughput peak rate, support Type 2 DMRS (lowest overhead), 8 layer transmission where PDSCH and DMRS are FDM

In [3], we show how antenna port mapping tables for single front loaded DMRS can be designed.
DMRS Sequences
Sequence for CP-OFDM
For the CP-OFDM waveform, it has previously been decided that DMRS shall be based on pseudo-random sequences but the details on the reference signal generation remains to be decided.
Reference signals of QPSK type is in LTE constructed as 




where the pseudo-random sequence corresponds to a length-31 Gold sequence. These reference signals are then randomized via pseudo-random generator seeds, , that depend on the physical cell ID, unless configured by higher layer signalling, as well as on the slot number within the radio frame.

In LTE, there are 504 cell IDs and 20 slots within a radio frame, whereas NR will support 1008 cell IDs and depending on the numerology the slot number could be considerably larger than in LTE. If adopting the pseudo-random initialization principle from e.g. CRS, the could exceed 31 bits. However, we don’t see any strong reasons to reuse exactly the same principle for NR as it seems possible to generate seeds properly such that the length-31Gold sequence can be reused.
[bookmark: _Toc494742494]In CP-OFDM, the length-31 Gold sequence (same as LTE) is used to generate QPSK based DMRS sequences in both DL and UL



As in LTE and CRS (or CSI-RS), the initialization of the pseudo-random sequence could in principle depend on two parts: a first part with cell ID and a second part that scrambles the cell ID with slot/symbol number as illustrated by , where the function  is limited such that wouldn’t exceed 31 bits.
For NR, we though propose in [5] that the same initialization formula is used for DMRS, CSI-RS and TRS. Depending on configuration, reference signals of different type may be mapped to the same REs and transmitted from different transmission points. In a synchronized network, this means that interference may not be randomized unless care is taken to ensure that reference signal sequence initialization differs between all transmission point that may interfere with each other for all RS that may occupy the same RE. Note that this may be a problem even if the overlap in terms of mapped RE is only partial (e.g. TRS may only use every 4th subcarrier but DMRS every second). This is because sequences are resource specific. This may become a complex coordination problem, in particular as coordination needs to be done both for all combinations of reference signals, not only per reference signal type. 
Given the discussion above we propose the initialization of DM-RS as following:

[bookmark: _Toc494391453][bookmark: _Toc494713976][bookmark: _Toc494742495]The sequence  should be initialized with 












[bookmark: _Toc494391455][bookmark: _Toc494713978][bookmark: _Toc494742497]where the function  and  are selected to use a maximum of 21 bits,  is the slot number in the radio frame,  starting with ,  is the symbol index within a slot and  is a number between 0 and 1007 that is selected from a set of higher layer configured numbers for DL and UL independently and further selected from the set by the scheduling DCI. The value  is equal to the cell ID  if not configured by higher layers. The is a number associated with the RS type.
Sequence for DFT-S-OFDM
For the DFT-S-OFDM waveform, it has previously been decided to support Zadoff-Chu sequences for DMRS but the details on the design remains to be decided.
QPSK and QAM modulations
A Comb-2 structure of UL DMRS was introduced in LTE rel-14 in which the DMRS sequences are either derived from ZC sequences or Monte Carlo generated QPSK sequences, depending on the size of the RB allocation. As the Comb-2 structure (i.e. DMRS configuration type 1) and ZC will be used also in UL NR, the same DMRS sequence design could be reused in principle. Hence, we propose to reuse the LTE sequence design including bandwidths down to 1 RB, though with adaptations to extended set of cell IDs and scheduling bandwidths.



[bookmark: _Toc494391456][bookmark: _Toc494713979][bookmark: _Toc494742498]Reuse the LTE UL DMRS sequence design down to 1 RB scheduling BW and use initialization based on  as a number between 0 and 1007 that is selected from a set of higher-layer configured numbers and further selected from the set by scheduling DCI. The value  is equal to the cell ID  if not configured by higher layers. 

π/2-BPSK modulation
It has previously been decided to support /2 BPSK modulation of data for the DFTS waveform as well as to support frequency domain spectrum shaping of that modulation. With FDSS applied to DFT-spread /2 BPSK, a lower CM and PAPR can be obtained than with FDSS applied to ZC sequences, which could motivate to introduce a dedicated DMRS design for /2 BPSK. In [4], we observed that applying FDSS on ZC sequences may not necessary lead to lower CM and in comparisons to FDSS of DFT-spread  BPSK the CM will be in the order of 1.5dB worse.
Although the possible CM optimization with a new DMRS design, we propose to stay with the ZC sequence design also for  BPSK and possibly make further optimizations in a later release.
[bookmark: _Toc494742499]For rel-15, DMRS sequence for DFT-spread /2 BPSK is based on same sequence design as for QPSK and QAM.

Conclusions
We make the following proposals:
Proposal 1	Confirm WA for default pattern for broadcast/multicast PDSCH using the front-load DMRS Configuration 1 with two additional DMRS symbols (1+1+1) and use the same pattern for unicast transmissions before RRC configuration. Also, it is preferred using non- FDM between DMRS and single-port transmission of PDSCH.
Proposal 2	For 2+2 DMRS mapping case in DL, support one additional 2-symbol DMRS in symbols {11,12} if the PDSCH ends in symbol 12,13 or 14 and in symbols {9,10} if the PDSCH ends in symbol 10,11.
Proposal 3	For mini-slot (PDSCH scheduling type B), use the pattern from slot based (PDSCH scheduling type A), with two additional positions (DL-DMRS-add-pos=2), where the mini-slot PDSCH is starting from the first front loaded DMRS symbol and there is no CORESET in the same symbol as DMRS that overlaps in frequency with PDSCH. FFS in the case a CORESET and PDSCH starts in the same OFDM symbol and (partly) overlap in frequency domain.
Proposal 4	For PUSCH in a slot with UL only transmissions where PUSCH starts at the first OFDM symbol, then the first DMRS symbol is at the 3rd symbol and the same patterns and slot format dependence (i.e. last PUSCH symbol) as DL DMRS with first DMRS in 3rd symbol is used for UL DMRS (including 1+0, 2+0, 2+2, 1+1+1 and 1+1+1+1 patterns)
Proposal 5	In mixed DL/UL slots, where the PUSCH transmissions does not start at the first OFDM symbol in the slot, the first UL symbol contains the first front loaded DMRS symbol.
Proposal 6	For mixed DL/UL slots, the single additional DMRS can be placed in symbol 11,9,7,5 relative to the front loaded DMRS symbol and there is at least one and at most two PUSCH symbols after the additional DMRS except for PUSCH duration of 5 symbols or shorter.  See Figure 3 for patterns.
Proposal 7	In case 3 symbols is used for PUSCH in slots with mixed UL and DL, the DMRS is mapped equally spaced in between the 1+1 patterns for 2 symbols.
Proposal 8	In case 4 symbols is used for PUSCH in slots with mixed UL and DL, the DMRS is mapped equally spaced with distance 3 symbols.
Proposal 9	The same DMRS pattern is used for a given duration mini-slot when used in  UL and DL
Proposal 10	For UL frequency hopping, use the mini-slot DMRS pattern in each of the two groups of OFDM symbols, corresponding to the length of the group.
Proposal 11	RAN1 should select one of the following options to assist CFO estimation in UL with front-loaded DMRS:
	A UE can be configured with additional DMRS which presence can be dynamically indicated
	A UE can be configured with a PTRS pattern that does not depend on MCS and its presence can be dynamically indicated
	A UE can be configured with a PTRS pattern that does not depend on MCS and is always transmitted in conjunction with PUSCH
Proposal 12	DMRS scrambling ID is RRC configured and encoded into TCI states and not in the antenna port mapping table as in LTE
Proposal 13	When PTRS is enabled, the antenna port mapping tabled indicates which subcarrier the PTRS should be mapped to in case two ports shared by FD-OCC are used for two different UEs in MU-MIMO scheduling
Proposal 14	In CP-OFDM, the length-31 Gold sequence (same as LTE) is used to generate QPSK based DMRS sequences in both DL and UL

Proposal 15	The sequence  should be initialized with












where the function  and  are selected to use a maximum of 21 bits,  is the slot number in the radio frame,  starting with ,  is the symbol index within a slot and  is a number between 0 and 1007 that is selected from a set of higher layer configured numbers for DL and UL independently and further selected from the set by the scheduling DCI. The value  is equal to the cell ID  if not configured by higher layers. The is a number associated with the RS type.



Proposal 16	Reuse the LTE UL DMRS sequence design down to 1 RB scheduling BW and use initialization based on  as a number between 0 and 1007 that is selected from a set of higher-layer configured numbers and further selected from the set by scheduling DCI. The value  is equal to the cell ID  if not configured by higher layers.
Proposal 17	For rel-15, DMRS sequence for DFT-spread /2 BPSK is based on same sequence design as for QPSK and QAM.
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