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1	Introduction
During RAN#94e, a new WID [1] forRel-18 MIMO evolution for DL and UL was agreed. Two objectives of the work item concern DMRS enhancements:  
3. Study, and if justified, specify larger number of orthogonal DMRS ports for downlink and uplink MU-MIMO (without increasing the DM-RS overhead), only for CP-OFDM,
	- Striving for a common design between DL and UL DMRS
· Up to 24 orthogonal DM-RS ports, where for each applicable DMRS type, the maximum number of orthogonal ports is doubled for both single- and double-symbol DMRS
…
5. Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.


In this contribution, we discuss the possible options for increasing the number of orthogonal DMRS ports, the potential benefit of each option, and our initial thinking on evaluation assumption. Hence, the discussion in this paper focus on objective 3 in the WID and the 8 Tx UL DMRS in objective 5. 




[bookmark: _Ref178064866]2	Discussion
2.1	DMRS enhancement motivation and key aspects
The main motivation for this enhancement is to increase the number of orthogonal DMRS ports without increasing the footprint, i.e. the number of OFDM symbols used as DMRS in PDSCH or PUSCH. It has been observed in previous evaluations that although it is possible to configure double DMRS symbols to double the number of DMRS ports, that would lead to a net loss in system performance due to the excessive overhead. 
[bookmark: _Toc102150909]The main motivation of this enhancement is to double the number of orthogonal DMRS ports without increasing the total DMRS overhead.
It should be noted that such enhancement comes at the price of reduced channel estimation performance since the effective DMRS density is reduced (defined as usual with the number or RE/RB per port), the severity of this performance degradation however depends on the channel properties and the used channel estimation algorithm. 
This effect needs to be evaluated and understood when comparing proposals. Since per user throughput performance degrades, we believe these enhancements should only be used when there is a need for more orthogonal DMRS ports than can be supported by existing type I and type II DMRS, i.e. when many users are to be multiplexed to enhance the performance observed on a system level. Thus, this enhancement makes a tradeoff between user and network performance. 
As the traffic varies rapidly, from slot to slot, the required number of orthogonal DMRS ports also varies over different slots. Hence, we observe that there is a need to dynamically switch between legacy DMRS and new Rel.18 DMRS depending on the current need. 
[bookmark: _Toc102150910]The need for an increased number of orthogonal DMRS ports can vary from slot to slot.
To balance the DMRS capacity of Rel.18 DMRS and better channel estimation performance of legacy DMRS, we suggest
[bookmark: _Ref101344073][bookmark: _Toc102137973][bookmark: _Toc102150917][bookmark: _Toc102152503]For a UE configured with Rel.18 DMRS, strive for a design that allows a dynamic (e.g. per slot) fall back to using legacy DMRS.
Whether to support this using antenna port indication table switching or simply defining a large antenna port indication table where both legacy and new DMRS ports are present can be further discussed. 
When it comes to the actual design of the new DMRS, it is noted that there will be both legacy and Rel.18 UEs served simultaneously in a serving cell and it is desirable to be able to multiplex these UEs together through MU-MIMO. Hence, the DMRS design should allow MU-MIMO between new Rel-18 and legacy UEs. 
[bookmark: _Toc102137974][bookmark: _Toc102150918][bookmark: _Toc102152504]In the new DMRS design, strive for maximizing simultaneous MU-MIMO scheduling of legacy and Rel.18 UEs. 
Note that if the capacity of scheduling MU-MIMO is low (e.g. only two users), then the solution of  Proposal 1 would solve the issue since a Rel.18 UE can use legacy DMRS ports, but if the DMRS capacity need is high, then a design in line with Proposal 2 is beneficial. 
It should be noted that due to the OCC lengths of 2 in legacy design, all the orthogonal dimensions are already explored for legacy UEs, however, if an OCC of length 4 is introduced, it is observed that some of the legacy ports are still orthogonal to the ports defined using OCC of length 4. 
To use a common terminology for this discussion, the following definition is proposed:
Definition: If two orthogonal vectors  and    ( of sequence length N are orthogonal over every K sequence parts of length N'<N (where N=N’*K), i.e.,   then the vectors  and   are said to be super-orthogonal. 
For example, the OCC  is partly orthogonal to the longer OCC vector  and hence vector   and  are said to be super-orthogonal. 
By this definition, we can then make the following observation to guide the design of the Rel.18 DMRS. A legacy DMRS has a FD-OCC of length 2 and a new Rel.18 DMRS then may have an FD-OCC of length 4, it means that for some Rel.18 DMRS ports, there is a super-orthogonal property with the legacy DMRS that allows MU-MIMO co-scheduling as in the property suggested in Proposal 2.
[bookmark: _Toc102150911]Some of the Rel.18 DMRS ports can be designed to be super-orthogonal to legacy DMRS ports and this allows MU-MIMO scheduling between a Rel.18 DMRS port and a legacy DMRS port. 
As a final remark, we also note that the current DMRS designs are the same for PDSCH and PUSCH. However, PDSCH is precoded  per  PRG which means that wideband channel estimator (such as a wideband DFT based estimator) cannot be used if PRG=2 or 4, this is different compared to PUSCH. 
The difference is also in how antenna ports are indicated (38.212).  However, we believe it is important to maintain the common basic design (as described in 38.211) for DMRS also in Rel.18. Hence, we propose
[bookmark: _Ref101769802][bookmark: _Toc102137975][bookmark: _Toc102150919][bookmark: _Toc102152505]Strive to at least have the same fundamental Rel.18 DMRS design (i.e. as described in 38.211) for DL and UL for a given DMRS Type
Finally, we would like to make a note on the interpretation of the final wording of the text in the WID, on doubling the number of DMRS ports “Up to 24 orthogonal DM-RS ports, where for each applicable DMRS type, the maximum number of orthogonal ports is doubled for both single- and double-symbol DMRS”. We here give our interpretation of this, to ensure that everyone in RAN1 is on the same page. If not, we need to bring this up for discussion:
[bookmark: _Toc102150912]Our interpretation of the WID is that the new Rel.18 DMRS should for Type 1 DMRS structure support 8 and 16 orthogonal DMRS ports for single and double symbol DMRS respectively. And for Type 2 DMRS structure, the corresponding values are 12 and 24 ports. 
We encourage companies that disagrees with this interpretation to raise this as an issue in the meeting. 
2.2        Three possible dimensions of enhancement for orthogonal DMRS ports
Based on the observations and proposals of the previous section, the design of the new Rel.18 DMRs is constrained by the boundary conditions, and we see that there are three main dimensions to pursue further. 
The three dimensions are to make modification in code domain in either frequency dimension (e.g. increased FD-OCC length) or in time dimension (e.g. introducing TD-OCC over non-consecutive OFDM symbols), or to make a change in frequency allocation domain (i.e sparser sub-carrier spacing). Upon these three dimensions, we have identified 3 options for evaluations and discussions:
· Option A: Maintain the same number of CDM groups, increase length of FD-OCC in each CDM group (i.e. increase the number of DMRS ports within a CDM group), e.g.
· Introduce FD-OCC length of 4 or
· Introduce FD-OCC length of 6 but use only a subset of codes (for Type 1) to match the OCC length with the number of samples/RB (i.e. Orphan issue, see 2.2.2)
· Option B: Increase the number of CDM groups and Change frequency allocation per port (i.e. increase #CDM groups), e.g.
· For Type 1 DMRS, introduce comb 4 
· For Type 2 DMRS, down-sample from 3 CDM groups to 6 CDM group per RB 
· Option C: Introduce TD-OCC over non-contiguous DM-RS symbols
The three options are discussed and illustrated below:
Figure 1 illustrates an Option A for FD-OCC length 4 example for DMRS Type 1 and DMRS Type 2, respectively. 
[image: ]        [image: ]
[bookmark: _Ref101890189]Figure 1	Example of Option A introducing FD-OCC length 4 for DMRS Type 1 and 2 respectively

Figure 2 illustrates an example of Option A with FD-OCC of length 6 for DMRS Type 1. Since the OCC length is always 6, it avoids the orphan issue that not all samples of an OCC code is available for certain RB scheduling bandwidths. In addition, the 4 ports out of the 6 can be selected as super-orthogonal to the legacy DMRS ports, to enable MU-MIMO scheduling across legacy and Rel.18 DMRS. 

[image: ]
[bookmark: _Ref101941539]Figure 2	Example of Option A for FD-OCC length 6 for DMRS Type 1

Figure 3 and Figure 4 illustrates an example of how Option B with increased number of CDM groups can look like for DMRS Type 1, and DMRS Type 2, respectively.
[image: ]
[bookmark: _Ref101890198]Figure 3	Example of Option B for DMRS Type 1 where CDM groups are subsampled to double the number of CDM groups. 
[image: ]
[bookmark: _Ref101890203]Figure 4	Example of Option B for DMRS Type 2 where CDM groups are subsampled to double the number of CDM groups.

2.2.1 On the use of TD-OCC in Option C
Note that the use of TD-OCC over the non-contiguous (additional) DM-RS symbols can be added to improve the robustness to delay spread in a similar way as is done for LTE UL DMRS. The use of TD-OCC should in our view not be seen as a stand-alone solution to double the number of ports. TD-OCC should be used in combination with Optional A or B as explained below.  We make the following introductory observation:
[bookmark: _Toc102150913]Option A and B (FD-OCC length 4 and increased #CDM groups) reduce the port density in frequency domain and make the channel estimation more sensitive to channel delay spread.
To remedy this, the TD-OCC can be used in addition, hence, two ports that are separated with FD-OCC can at the same time, be separated using TD-OCC.
For example, Table 1 shows an example where Rel.18 DMRS ports A and B are super-orthogonal using FD-OCC, which means that the receiver can perform channel estimation of e.g. port A, using length K=2 FD-OCC de-spreading and use TD-OCC de-spreading instead. The use of TD-OCC is on this case necessary to maintain orthogonality to port C and D. To separate from port B, only FD-OCC is used (since it share the same TD-OCC). 
Hence channel estimation of port A with this approach is less susceptible to delay spread (due to K=2) while more susceptible to Doppler. If the receiver makes the assessment that the Doppler is high, then it can use the full length 4 FD-OCC and not rely on the TD-OCC to separate the port A from B, C, D. 
[bookmark: _Ref102137194]Table 1 Combination of FD-OCC and TD-OCC for length 4 and 2 respectively in order to allow the channel estimator to decide on the 
	Rel.18 DMRS port
	FD-OCC
	TD-OCC

	A
	[+1 +1 +1 +1]
	[+1 +1]

	B
	[+1 -1 +1 -1]
	[+1 +1]

	C
	[+1 -1 -1 +1]
	[+1 -1]

	D
	[+1 +1 -1 -1]
	[+1 -1]



The receiver and channel estimator can then decide, based on knowledge of statistics of the channel realization: whether it should use the frequency domain code to separate the DMRS ports, which is useful in channels with low delay spread; or if it should use the time domain code to separate the DMRS ports, which is useful in channels with low doppler spread. 
[bookmark: _Toc102137978][bookmark: _Toc102150920][bookmark: _Toc102152506][bookmark: _Toc102137985]Study the use of TD-OCC (Option C) on top of the single symbol DMRS enhancements (Option A and B), to provide an alternative to the channel estimator of separating DM-RS ports in the time domain instead of the frequency domain if delay spread is excessive.

2.2.2 The Orphan RE issue
For DMRS Type 1 both the frequency domain solution (going from comb 2 to comb 4) and the code domain solution (going from length 2 codes to length 4 codes) leads to FD-OCC being applied across adjacent RBs. At the edge of the scheduling bandwidth this may also result in use of fractional OCC codes (not all 4 samples are transmitted), here discussed as orphan DMRS REs as illustrated in Figure 5. How to handle this issue, for the Options that have it, should be investigated. 

[image: ]
[bookmark: _Ref101367461]Figure 5 Extending FD-OCC to length 4 for Type 1 DMRS result in FD-OCC being applied across adjacent RBs. At the scheduling edge it may also result in ‘orphan DMRS REs’. The same problem arises also when going from comb 2 to comb 4 for Type 1 DMRS.
We thus make the following proposal:
[bookmark: _Toc102137986][bookmark: _Toc102150921][bookmark: _Toc102152507][bookmark: _Toc102137987]Study solutions and options for Rel.18 DMRS options that creates an issue with Orphan REs, i.e., when the edge of the scheduling bandwidth result in use of fractional length FD-OCC code.
2.3       Evaluation assumption
LLS evaluations should be performed for single symbol DMRS, with zero to three additional DMRS symbols. Slot based scheduling (type A) with 14 symbols per slot should be used.  
Some further proposed evaluation assumptions are given in the Table 2 below.


[bookmark: _Ref101983149]Table 2 Proposed link level simulation assumptions
	Parameter
	Value

	Carrier frequency and subcarrier spacing 
	3.5 GHz with 30 kHz SCS

	Allocation bandwidth
	20MHz (52 RBs)

	Channel model
	Alt. 1: TDL channels with uncorrelated antenna elements with first priority on TDL-A while the use of other TDL channels isn’t precluded
Alt. 2: CDL channels with first priority on CDL-A while the use of other CDL channels isn’t precluded

	Delay spread 
	10ns, 30ns, 100ns, 300ns, and 1000ns

	UE velocity
	3km/h, 10km/h, 30km/h, 120kmp/h, 300km/h, 500 km/h

	Antennas at UE
	(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), dH = 0.5λ, for max rank>2 
(M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), for max rank equal to 1 or 2

	Antennas at gNB
	(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), dH = 0.5λ
Other configurations are not precluded.


	Channel estimation
	Practical estimation with ideal info for frequency sync, SNR, doppler and delay spread 

	Receiver type
	Linear MMSE

	HARQ
	Off

	Link adaptation
	Alt. 1: Adaptation of both MCS and rank. 
Alt. 2: Fixed modulation, coding and rank.

	Scheduling type and slot type
	Slot based scheduling (type A) with 14 symbols per slot

	Precoding 
	Alt, 1: SVD wideband precoding based on ideal channel knowledge
Alt. 2: Subband precoding based on ideal channel knowledge with 4 PRB precoding granularity.

	EVM
	No radio impairments 

	DMRS configurations
	Single symbol DMRS with 0, 1, 2 or 3 additional DMRS symbols.

	Evaluation metric
	User throughput for adaptive MCS and rank
BLER for fixed MCS and rank

	Baseline
	Legacy DMRS configurations. 
Note though, that the performance is expected to be worse for new Rel.18 DMRS configurations as compared to legacy configurations. This is acceptable since the number of supported ports is larger, allowing for gains using MU-MIMO. We should select the new DMRS configuration that gives the smallest degradation relative to legacy configurations, while taking also backwards compatibility and complexity into account.




2.4      8 Tx UL SU-MIMO
We do not see a need for a new DMRS design (i.e. as described in TS38.211) to support 8 Tx UL SU-MIMO. However, the antenna port tables and the mapping between PTRS and DMRS ports need to be updated, hence we propose:
[bookmark: _Toc102137988][bookmark: _Toc102150922][bookmark: _Toc102152508]Study antenna port tables and PTRS to DMRS port mapping to support 8 Tx UL SU-MIMO.


Conclusion
In the previous sections we made the following observations: 
Observation 1	The main motivation of this enhancement is to double the number of orthogonal DMRS ports without increasing the total DMRS overhead.
Observation 2	The need for an increased number of orthogonal DMRS ports can vary from slot to slot.
Observation 3	Some of the Rel.18 DMRS ports can be designed to be super-orthogonal to legacy DMRS ports and this allows MU-MIMO scheduling between a Rel.18 DMRS port and a legacy DMRS port.
Observation 4	Our interpretation of the WID is that the new Rel.18 DMRS should for Type 1 DMRS structure support 8 and 16 orthogonal DMRS ports for single and double symbol DMRS respectively. And for Type 2 DMRS structure, the corresponding values are 12 and 24 ports.
Observation 5	Option A and B (FD-OCC length 4 and increased #CDM groups) reduce the port density in frequency domain and make the channel estimation more sensitive to channel delay spread.


Based on the discussion in the previous sections we propose the following:
 
Proposal 1	For a UE configured with Rel.18 DMRS, strive for a design that allows a dynamic (e.g. per slot) fall back to using legacy DMRS.
Proposal 2	In the new DMRS design, strive for maximizing simultaneous MU-MIMO scheduling of legacy and Rel.18 UEs.
Proposal 3	Strive to at least have the same fundamental Rel.18 DMRS design (i.e. as described in 38.211) for DL and UL for a given DMRS Type
Proposal 4	Study the use of TD-OCC (Option C) on top of the single symbol DMRS enhancements (Option A and B), to provide an alternative to the channel estimator of separating DM-RS ports in the time domain instead of the frequency domain if delay spread is excessive.
Proposal 5	Study solutions and options for Rel.18 DMRS options that creates an issue with Orphan REs, i.e., when the edge of the scheduling bandwidth result in use of fractional length FD-OCC code.
Proposal 6	Study antenna port tables and PTRS to DMRS port mapping to support 8 Tx UL SU-MIMO.
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