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[bookmark: OLE_LINK3]Introduction
In RAN#94, Rel-18 WID of further enhancements on NR MIMO is approved [1] in which a particular point is for DMRS enhancements, targeting for both UL and DL. The detail is given as follows.
	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 provide our views on the supporting of DMRS enhancements for MU-MIMO and 8 Tx UL SU-MIMO. 
DMRS enhancement for UL/DL MU-MIMO
Due to the existing legacy UE(s), the backward compatibility should be fully considered for this enhancement on increasing the number of orthogonal DMRS ports, and then we need to modify the DMRS port/OCC mapping based on the legacy DMRS pattern(s). In our initial thoughts, FDM, FD-OCC, and TD-OCC can be considered as candidate solutions, which may suitable for respective deployment scenarios in terms of UE speed (Doppler shift) and delay spread.
2.1  Multiplexing type for larger number of orthogonal DMRS ports
[bookmark: OLE_LINK21][bookmark: OLE_LINK18][bookmark: OLE_LINK15]In current specification, for both type 1 and type 2 DMRS, FD-OCC with length 2 for one DMRS port is supported for both single symbol DMRS and double symbol DMRS, and TD-OCC is supported for double symbol DMRS, and different CDM groups are FDMed in the frequency domain. Hence for the supporting of larger number of orthogonal DMRS ports for Rel-18, these multiplexing type can also be considered.
1) Larger size of FD-OCC
Supporting of larger size of FD-OCC makes one DMRS CDM group contains more DMRS ports. Taking type 2 DMRS for example, if FD-OCC with length 4 is supported, then up to 4 DMRS ports can be indicated in one CDM group, as shown in Figure 1a. If 4 DMRS ports are supported in one CDM group, for type 2 DMRS, 3 CDM groups with a total of up to 12 DMRS ports are supported for single symbol DMRS, and up to 24 DMRS ports for double symbol DMRS with TD-OCC as Rel-15. 
2) [bookmark: OLE_LINK2]Larger number of CDM groups
[bookmark: OLE_LINK4]If up to two DMRS ports are supported in one CDM groups, then up to 6 DMRS CDM groups can be supported for larger number of orthogonal DMRS ports. As show in Figure 1b, for DMRS type 2, the REs of #0, 1, 6, 7 are used to map CDM group #0 in Rel-15, but in order to support more DMRS ports, the 4 REs can be split into two CDM groups, i.e. CDM group #0 and CDM group #3 in Figure 1b, and the CDM groups are ‘FDMed’ in the frequency domain. Hence for single symbol DMRS, up to 12 DMRS ports are supported, for double symbol DMRS, up to 24 DMRS ports are supported.
3) TD-OCC on front-loaded DMRS and additional DMRS
For single symbol DMRS, TD-OCC can be used for front-loaded DMRS and additional DMRS. Larger number of DMRS ports are supported in one CDM group by using TD-OCC. For legacy DMRS, two continuous OFDM symbols using a TD-OCC as double symbol DMRS to support more orthogonal DMRS port, and additional DMRS ports are also supported as a ‘copy’ of the same DMRS ports mapping on other two continuous OFDM symbols. For Rel-18 DMRS port, if TD-OCC can be used for front-loaded and additional DMRS, similar as the double symbol DMRS of legacy DMRS ports, larger number of DMRS ports can also be supported.
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Figure 1 Type 2 DMRS pattern with larger number of DMRS ports
2.2  Evaluation on larger number of orthogonal DMRS ports
Based on the above DMRS pattern of FD-OCC, FDM and TD-OCC, our initial LLS simulation results can be found in Figure 2. The details of simulation assumption can be found in the Appendix.


Figure 2 LLS simulation results with (a) UE speed 3km/h and delay spread 30ns, (b) UE speed 3km/h and delay spread 300ns, and (c) UE speed 120km/h and delay spread 30ns
From above evaluation results, we can have the following observations:
· In the scenario of low-speed and low-delay-spread, e.g. as in Figure 2(a), there are similar BLER performance for all of FDM, FD-OCC and TD-OCC.
· Then, with the increase of delay spread, in the scenario of low-speed and high-delay-spread, TD-OCC performs better than FDM and FD-OCC in BLER, i.e. performance gain of 1-1.5dB, as shown in Figure 2(b).
· On the other side, under the consideration of higher UE speed, in the scenario of high-speed and low-delay spread, we have the opposite observation: there is severe performance degradation for TD-OCC compared with FDM and FD-OCC.
[bookmark: OLE_LINK5]Observation 1: In order to accommodate different MU-MIMO scenarios, e.g., low-speed & low-delay-spread, low-speed & high-delay-spread, high-speed & low-delay-spread, comprehensive evaluation on several candidate solutions (e.g., FDM, FD-OCC and TD-OCC) for supporting larger number of orthogonal DMRS ports should be performed. 
2.3  [bookmark: OLE_LINK1]Spec efforts for supporting larger number of orthogonal DMRS ports
If the coexistence of legacy DMRS ports Rel-18 DMRS ports is supported, spec efforts should be considered for all of the three multiplexing types.
1) Larger size of FD-OCC
Similar to FD-OCC of length 2, each DMRS port can be associated with one OCC of length 4 from one of :[1,1,1,1], [1,1,-1,-1], [1,-1,1,-1] or [1,-1,-1,1]. Also from Figure 1a, Rel-18 DMRS ports in one CDM group are mapped on the same REs with legacy DMRS in the same CDM groups, so if the OCC is orthogonal between Rel-18 DMRS ports and legacy DMRS ports, little interference will be introduced.
But for type 1 DMRS, for Rel-18, if the FD-OCC of length 4 is supported, 4 of the combed 6 REs are used for one Rel-18 DMRS CDM group, and how to deal with the other 2 REs on one PRB should be considered. 
One method is to introduce PRB bundling, if 2 PRBs are bundled for Rel-18 DMRS ports, then up to 12 REs can be used for one CDM group with 3 times mapping of FD-OCC of length 4, as shown in Figure 3.


Figure 3 PRB bundling for Rel-18 DMRS type 1
Another method is to support FD-OCC with other lengths, e.g. length of 3 or 6, as shown in Figure 4. Hence for DMRS type 1, larger number of DMRS ports are supported for the larger length of FD-OCC. In this case, one legacy DMRS CDM group may be mapped across different Rel-18 DMRS CDM groups, that will also introduce interference for legacy DMRS port, and more efforts are needed to reduce the interference from Rel-18 DMRS ports to legacy DMRS ports.


Figure 4 FD-OCC of length 3 for Rel-18 DMRS type 1
2) Larger number of CDM groups
In the ‘FDM’ scheme, larger number of CDM groups are supported for Rel-18 DMRS, and different CDM groups will be mapped on the REs which will be used for one CDM group of legacy DMRS ports. Therefore, if Rel-18 DMRS ports are co-scheduled with legacy UE, one legacy DMRS CDM group may be mapped across Rel-18 DMRS CDM groups, as shown in Figure 1b. Whether Rel-18 DMRS CDM group#3 is indicated or not is unknown for legacy UE, hence similar to FD-OCC with length 3, more effort for interference estimation or reduction for legacy UE is needed.
3) TD-OCC on front-loaded DMRS and additional DMRS
TD-OCC enables DMRS ports co-demodulation based on different OFDM symbols, and in Rel-15 double symbol DMRS is already supported based TD-OCC on the continuous OFDM symbols, so when TD-OCC with length 2 is used for front-loaded DMRS and additional DMRS, not big efforts are needed.
Based on above evaluation results, FD-OCC makes similar or even better performance than FDM in the low delay spread scenario, and considering more spec efforts are need for FDM based DMRS enhancements, so we make the following proposal:
Proposal 1: FD-OCC with length 4 is supported in the low delay spread scenario. 
For TD-OCC is used on front-loaded DMRS and additional DMRS, high speed will introduce heavy impact on demodulation when the two symbols are not continuous. But in the case of high delay spread scenario with low UE speed, such as C-JT, large delay spread with low UE speed is a common case, when up to 24 DMRS ports are supported, simulation results on DMRS ports with TD-OCC on front-loaded DMRS and additional DMRS show better performance than FD-OCC and FDM.
Based on above analysis, we make the following proposal:
Proposal 2: TD-OCC is supported in the high delay spread and low UE speed scenario. 
2.4  [bookmark: _GoBack]Indication of legacy DMRS ports and Rel-18 DMRS ports
For MU-MIMO, legacy UE and Rel-18 UE can be co-scheduled in order to keep the scheduling flexibility of gNB. Considering the DMRS ports are indicated by DCI signaling, it is natural to support indicating the DMRS port is a legacy DMRS port or a Rel-18 DMRS port by DCI. But the indication signaling should be further studied.
Proposal 3: Dynamic indication of legacy DMRS ports and Rel-18 DMRS ports is supported. 
· FFS: the indication signaling.
DMRS enhancement for 8 Tx UL SU-MIMO
3.1  DMRS enhancement for 8-Tx
In the WID of RAN#94 e-meeting, another issue is mentioned to support more than 4 layers UL transmission. In Rel-18, some UEs have the capability to support more layers transmission than R17 and up to 8 layers transmission can be supported by these UEs. Considering in the DL transmission, up to 8 layers with 2 codewords transmission have been supported, hence for UL transmission with more than 4 layers, the DL transmission principle can be reused, i.e. 2 codewords is used for up to 8 layers.
In Rel-15 DL transmission, up to 12 orthogonal DMRS are supported, and up to 8 DMRS ports can be indicated to one UE. But in Rel-18, more orthogonal DMRS ports are supported. Hence in Rel-18, if up to 8 layers transmission is supported, whether legacy DMRS ports or Rel-18 DMRS ports are supported or both of the legacy and Rel-18 DMRS ports are supported should be considered. Considering if both legacy DMRS ports and Rel-18 DMRS ports can be indicated to one UE and the UE supports 8 layers UL link transmission, 8-Tx UL SU-MIMO can be used for both legacy DMRS ports and Rel-18 DMRS ports.
Based on above analysis, we make the following proposal:
[bookmark: OLE_LINK7]Proposal 4: For 8-Tx UL SU-MIMO, DL transmission principle with up to 8 layers can be a reference for UL transmission i.e. 2 codewords for up to 8 layers UL transmission.
· Both legacy DMRS ports and Rel-18 DMRS ports should be considered.
3.2  Further enhancement on PTRS
Another issue is when up to 8 DMRS ports are supported for UL transmission, the association between DMRS ports and PTRS ports should also be enhanced. 2 possible ways should be considered as follows:
1) Whether larger number of PTRS port should be supported. According to Rel-15, two DMRS ports shares one PTRS port, if the rules are reused in Rel-18 and up to 8 DMRS ports are indicated to one UE, larger number of PTRS ports should be considered;
2) Whether larger number of DMRS ports that share one PTRS port should be supported. In the case of up to 2 PTRS ports are supported, and one PTRS port should be shared by 4 DMRS ports, and the one from the 4 DMRS ports should be indicated to associate with the PTRS port.
In the early Rel-18, it is hard to decide which of the two ways is more reasonable, because the association may be related on the codebook design for more than 4 layers codebook based UL transmission or the SRS configuration for non codebook based UL transmission. But no matter which way is preferred, for up to 8 layers UL transmission, more bits should be used to indicate the association of DMRS port and PTRS port.
Based on above analysis, we make the following proposal for association of DMRS port and PTRS port.
[bookmark: OLE_LINK6]Proposal 5: More than 2 bits should be used for the DMRS port and PTRS port association indication for UL transmission with more than 4 layers.
Conclusion
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we provide our views to support larger number of orthogonal DMRS ports. The proposals are given below. 
Observation 1: In order to accommodate different MU-MIMO scenarios, e.g., low-speed & low-delay-spread, low-speed & high-delay-spread, high-speed & low-delay-spread, comprehensive evaluation on several candidate solutions (e.g., FDM, FD-OCC and TD-OCC) for supporting larger number of orthogonal DMRS ports should be performed. 
Proposal 1: FD-OCC with length 4 is supported in the low delay spread scenario. 
Proposal 2: TD-OCC is supported in the high delay spread and low UE speed scenario.  
Proposal 3: Dynamic indication of legacy DMRS ports and Rel-18 DMRS ports is supported. 
· FFS: the indication signaling.
Proposal 4: For 8-Tx UL SU-MIMO, DL transmission principle with up to 8 layers can be a reference for UL transmission i.e. 2 codewords for up to 8 layers UL transmission.
· Both legacy DMRS ports and Rel-18 DMRS ports should be considered.
Proposal 5: More than 2 bits should be used for the DMRS port and PTRS port association indication for UL transmission with more than 4 layers.
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Appendix
	Parameter
	Value

	Carrier Frequency
	3.5G

	Channel Model
	CDL-B in TR 38.901

	MIMO scheme
	SU-MIMO

	Modulation
	64QAM

	Code Rate
	0.5

	Bandwidth
	20 MHz

	Numerology
	14 OFDM symbol slot, 30kHz SCS

	MIMO Rank
	 rank = 1

	UE speed
	3km/h 120km/h

	Precoding granularity
	4RB

	DMRS
	Type 2 DMRS, two symbols on 2,9

	DL DMRS channel estimation
	2DMMSE channel estimation
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