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In RAN plenary #94e, the work item on MIMO Evolution for Downlink and Uplink was approved [1]. One of the main objectives of the work item is DMRS enhancement, which is listed as below
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

The progress of RAN1 on this objective is very well. Most of the design issues are resolved by RAN1 #114. In this contribution, one remaining issue on this topic is addressed. 
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Orphan RB issue was discussed in previous RAN1 meetings, with the following agreement for eType 1 DMRS. 
Agreement
For FD-OCC length 4 in Rel.18 eType 1 DMRS for PDSCH, support the following: 
· Introduce UE capability to report whether UE can be scheduled PDSCH without the scheduling restriction for FD-OCC length 4 in Rel.18 eType 1 DMRS. 
· If this capability is not supported by the UE, UE expects that gNB shall apply the scheduling restriction for PDSCH for FD-OCC length 4 in Rel.18 eType 1 DMRS.
· The scheduling restriction above means satisfying all of the following at least for other than M-TRP PDSCH transmission with FDM 2a or FDM 2b scheme. 
· 1) The number of consecutively scheduled PRBs for PDSCH is even.
· 2) The number of PRBs offset of scheduled PDSCH from point A (common resource block 0) is even.
· 3) FFS: Restriction on scheduling of different UEs in case of MU-MIMO.
· FFS: Scheduling restriction for M-TRP PDSCH transmission with FDM 2a or FDM 2b scheme.
· Note1: Up to UE how to implement DMRS channel estimation.
· Note2: No further RAN1 specification enhancement is introduced to handle the orphan REs (e.g. if the total number of REs of DMRS in a CDM group is not multiples of 4, how to handle the remainder of REs) for UE that is scheduled PDSCH without the scheduling restriction.
· Note 3: Other scheduling restrictions, if identified in future meetings, are not precluded.

Previous discussion was mainly focused on eType 1 DMRS. RAN1 was assuming eType 2 DMRS does not have orphan RB issue, simply because eType 2 can support 12 DMRS ports in one RB (of 12 tones). However, if we look deeper into the orphan RB with eType 2 DMRS, the channel estimation in orphan RB is broken in practice. In the orphan RB, there is only essentially one observation/look per DMRS port. UE can only do 1 tap (DC) channel estimation. Given practical channel is not single tap channel, the orphan RB will become the performance bottleneck for the whole PDSCH assignment. To overcome this issue, a UE has to do precoder detection, compensate the precoder to align the orphan RB with other RBs to estimate the channel, then restore the precoder to get the precoded channel for the orphan RB. This is a very complicated extra procedure to implement and a normal UE will not do it.  
Another way to view this problem is that, UE can not combine DMRS observations in other RBs with orphan RBs to do MMSE estimation across RBs. Thus MMSE combining gain is diminished in orphan RB. While in other PRGs, UE can do MMSE across 2 or 4 RBs, which can boost channel estimation performance. 
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[bookmark: _Ref126933648]Fig 1: An example to illustrate channel estimation issue in orphan RB for eType 2 DMRS
In the following, the channel estimation SNR (which accounts for the additional channel estimation error on top of the signal SNR) is plotted vs signal SNR. As shown in Fig 2, due to bad channel estimation with large channel estimation error, the channel estimation SNR, which reflects channel estimation quality, is capped at 22dB on orphan RB. This means no matter how NW boost Tx power, orphan RB cannot obtain channel estimation better than 22dB. While for non-orphan RB in PRG or 2 or 4 RBs, we can further boost channel estimation SNR to over 30dB or even higher. 
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[bookmark: _Ref146649162]Fig 2: Channel estimation quality comparison among orphan RB, non-orphan RB in PRG with 2 RBs, non-orphan in PRG with 4 RBs.

With the above analysis, we propose the following conclusion to be captured in RAN1 Chair’s notes. 
Proposal 1:  Capture the following as a conclusion in RAN1 chair's notes. 
· It is understood that there can be a performance degradation in Rel.18 eType 2 DMRS for PDSCH when the either one of following conditions is not satisfied.
· The number of consecutively scheduled PRBs for PDSCH is even.
· The number of PRBs offset of scheduled PDSCH from point A (common resource block 0) is even.
· However, there is no consensus in RAN1 to introduce additional scheduling restriction for eType2 DMRS for PDSCH to solve the above issue.
PAPR on UL DMRS 
On Rel-15 DMRS, there was a bug in sequence design. Rel-15 DMRS uses identical sequence on different CDM groups (combs). With certain precoders, it leads to high PAPR even worse than Gaussian Random variable, as illustrated by the following figure. 
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Fig 3: PAPR issue in Rel-15 DMRS design
Fortunately, RAN1 noticed this issue and fixed this in Rel-16. The solution is using different DMRS sequences (via different SC_ID) on different CDM groups.
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Fig 4: Solution to the DMRS PAPR issue. 
In our view, Rel-18 DMRS should not repeat the same mistake in Rel-15. Rel-18 DMRS should adopt the Rel-16 solution from day one and not using same DMRS sequence on the two combs. There is no demodulation performance different by using same or different DMRS sequences. Using same DMRS sequences only hurt PAPR, which is not a good design. 
With the above analysis, the following is proposed. 
Proposal 2:  A UE does not expect configuration of Rel-18 UL DMRS with the same  for different CDM groups. 
Conclusions
In summary, we have the following proposal for remaining issue on increasing the number of orthogonal DMRS ports for Rel-18 MIMO evolution. 
Proposal 1:  Capture the following as a conclusion in RAN1 chair's notes. 
· It is understood that there can be a performance degradation in Rel.18 eType 2 DMRS for PDSCH when the either one of following conditions is not satisfied.
· The number of consecutively scheduled PRBs for PDSCH is even.
· The number of PRBs offset of scheduled PDSCH from point A (common resource block 0) is even.
· However, there is no consensus in RAN1 to introduce additional scheduling restriction for eType2 DMRS for PDSCH to solve the above issue.

Proposal 2:  A UE does not expect configuration of Rel-18 UL DMRS with the same  for different CDM groups. 
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