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Introduction
[bookmark: _Ref129681832]In RAN Meeting #75, a new work item (WI) on new radio (NR) access technology was approved [1], which should specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low-latency-communication (URLLC). One of the objectives is as follows:
	-	Duplexing identified in Section 5.1 of TR38.802 supported by a PHY design common to paired and unpaired spectrum, including [RAN1, RAN2, RAN3]:
-	Enablers for interference management mechanisms for handling cross-link interference.
-	Note: down-selection on enablers for interference management mechanisms is to be discussed in RAN1


Detailed objectives of the work item are captured in TR 38.912 [2] which includes the following statements.
	-   At least for CP-OFDM, NR supports a common DM-RS structure for DL and UL where the exact DM-RS location, DM-RS pattern, and scrambling sequence can be the same or different. DM-RS for same or different links can be configured to be orthogonal to each other.


In TR 38.802 [3], many candidate schemes for cross-link interference (CLI) mitigation are captured, and a common framework for cross-link interference mitigation schemes for both paired and unpaired spectrum is strived for. Among these candidate schemes, interference cancelation mechanisms, e.g., advanced receiver have been considered for mitigating cross-link interference. Orthogonal UL/DL DMRS is a key enabler to support advanced receiver. In this contribution, specific design for orthogonal UL/DL DMRS configuration and timing alignment between UL and DL DMRS are mainly discussed.
Discussion
Since a common DMRS structure and orthogonal configuration of DMRS for different links have been agreed in NR SI phase, thus the detailed DMRS designs including port mapping, layer configuration and symbol location need to be considered to facilitate orthogonal configuration of DL and UL DMRS.
Orthogonal UL/DL DMRS configuration
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]In the last RAN1 meeting, the working assumption for supporting two front-load DMRS configurations was made, and the same DMRS configuration is preferred to be applied to both DL and UL so as to facilitate the orthogonality. Obviously, to avoid overlap between DL(UL) DMRS symbols and UL(DL) data symbols, the symbol location of DL and UL DMRS should be the same with the same DMRS configuration.
Proposal 1: Support same symbol location for DL DMRS and UL DMRS with equal DMRS symbol number for CP-OFDM.
For the common DMRS configuration, one straightforward design is that DL and UL DMRS have the same rule of port mapping and layer configuration, e.g., DMRS configuration of n layers is corresponding to ports number from 0 to n-1. In this case, it will be difficult to achieve the orthogonality, since part or all of DL and UL DMRS ports will be mapped on the same REs regardless of layer configuration. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK4]To tackle this issue, one solution is to adopt different port mapping rules or different layer configurations for DL and UL DMRS to achieve orthogonality. For example, DL DMRS configuration of 2 layers is corresponding to ports 0-1, while UL DMRS configuration of 2 layers is corresponding to ports 2-3. Another solution is that a layer number has several corresponding layer configurations, at least one of which can ensure the orthogonality between UL and DL DMRS. For example, both DL and UL DMRS configuration of 2 layers have two configurations, i.e. first configuration is ports 0-1 and second configuration is ports 2-3. Then, it is needed to use different configuration for DL and UL to obtain orthogonality. In the case of MU-MIMO, one layer number can generally correspond to several layer configurations, so the second solution is great potential. Moreover, since it has been agreed in the last NR Ad hoc meeting [4] that 2-FD-OCC is supported in DMRS configuration 2. It is possible to allocate the same REs but different orthogonal covered codes for UL and DL DMRS, thus achieving orthogonal UL and DL DMRS in a CDM manner.
The method of FDM/CDM is applicable for the scenario that the total number of orthogonal DL and UL DMRS ports is small, e.g. no more than 6. If the total number of orthogonal DL and UL DMRS ports is large, TDM is preferred for the use of multiplexing. In this case, the symbol location of DL and UL DMRS need to be considered. For example, DL DMRS ports can be located in symbol#4 while UL DMRS ports locate in symbol#5. And timing alignment needs to be guaranteed to avoid overlapping between DL DMRS REs and UL DMRS REs which would be discussed in the next subsection. 
Besides, it is possible to indicate UE to have a DMRS symbol location offset with explicit or implicit signaling. In the normal cases in which DL and UL DMRS ports are not needed to be orthogonal or the orthogonal multiplexing method of FDM is used, the DMRS symbols locate in the fix position. Only when the TDM is adopted, the DMRS symbols need to be shifted. 
[bookmark: OLE_LINK10]Proposal 2: DMRS designs (e.g. port mapping, layers configuration and symbol location) should be considered to facilitate the orthogonal configuration of DL DMRS and UL DMRS.
The above approach can make DL DMRS ports map on different REs with UL DMRS ports, but it is still needed to ensure that the DL REs located in the same time and frequency position with UL DMRS are muted, and vice versa. As we know, data can be transmitted on the unused DMRS REs in LTE, while in NR, it cannot be done like that if the orthogonal configuration of DL and UL DMRS needs to be achieved. So an explicit or implicit signaling may be needed to inform UE whether to transmit data on the unused DMRS REs. This signaling design can be done combining with above signaling design, e.g., indicating both RE muting and DMRS symbol location offset in a joint manner.  
Proposal 3: RE muting can be considered for orthogonal configuration of DL DMRS and UL DMRS.
Timing alignment
As shown in the following figures, timing misalignment between wanted signal and cross-link interference would exist in the cases of duplexing flexibility due to the propagation delay and UL-to-DL switching time. Here, we focus on the urban macro and dense urban scenarios where the key issue of cross-link interference is at TRP side, i.e. UL reception at TRP is interfered by DL signal from a neighboring TRP. While the cross-link interference at UE side rarely occurs or can be mitigated via coordination scheduling. Particular for the reception at TRP1, the receive timing offset between UL transmission from UE1 and cross-link interference, i.e. DL transmission from TRP2 can be tdelay+tUL-DL. Note that, the typical value of tUL-DL is 20.3us and tdelay is related to the distance between two TRPs. Thus, the timing misalignment between UL and DL may be always larger than the CP duration (4.7us). As a result, more REs must be muted, otherwise the orthogonality between UL and DL DMRS would be destroyed though orthogonal ports/patterns are configured for UL and DL DMRS. Therefore, it is necessary to support effective method to attain timing alignment between UL and DL.
[image: ]
Figure 1. Illustration of duplexing flexibility scenario
[image: ]
Figure 2(a) Illustration of receive timing misalignment at TRP1 for DL/UL only subframes
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Figure 2(b) Illustration of timing misalignment for self-contained subframes
To tackle the problem of timing misalignment, a possible solution can be adjusting transmit timing of victim link where UEs associated with TRP1 should utilize a different TA, denoted by TACLI to determine the transmit timing for UL. In this case, UEs can use TACLI for UL transmission so as to achieve timing alignment between UL and DL when cross-link interference is existed. While legacy TA is utilized on the condition that cross-link interference is absent. 
Considering the situation that TRP1 in UL transmission is interfered by multiple TRPs in DL transmission, the interfering TRP that is with a smallest and largest distance to TRP1 is denoted by TRPnear and TRPfar, respectively, and the corresponding distance to TRP1 is denoted by dnear and dfar as shown in Figure 3(a). Focusing on the case with a typical CP duration (4.7us), once the value of (dfar-dnear) is less than 1.4 km, it is possible to make the gap of timing misalignment between TRP1 and each of the interfering TRPs less than the CP duration by adjusting UL timing of TRP1. While for an interfering TRP that the corresponding value of (d-dnear) is larger than 1.4km, its impact on UL transmission of TRP1 would be extremely smaller than that of TRPnear. Namely, such TRP can be treated as a non-interfering TRP, and there is no need to strive for timing alignment within CP duration between TRP1 and such TRP. Thus, to maintain orthogonality between UL and DL DMRS, it is effective and efficient to achieve timing alignment between UL and multiple DL transmissions of interfering TRPs within CP duration by adjusting the timing of UL transmission. 
Note that a TRP can change transmission direction between UL and DL flexibly, but within a given slot/subframe, it can be either a victim or an aggressor. Namely, a TRP in UL transmission can only be the victim and it would not cause interference to any other TRPs. And the TRP in DL transmission can only be the aggressor and it would not be interfered by any other TRPs. Therefore, achieving timing alignment between UL and multiple DL transmissions of interfering TRPs within CP duration can maintain the UL/DL DMRS orthogonality.
[image: ]           [image: ]
Figure 3(a) Illustration of multiple interfering TRPs      Figure 3(b) Timing alignment within CP duration
Once the timing alignment between UL and DL is achieved, the alignment between DL and UL DMRS symbols can be naturally supported, As a result, orthogonal configuration of DL and UL DMRS is attained in a CDM manner, and the waste of resources caused by RE muting is avoided.
Proposal 4: Timing alignment between UL and DL DMRS symbols should be considered to facilitate the orthogonal configuration.
[bookmark: _GoBack]Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, orthogonal UL/DL DMRS configuration and timing alignment between UL and DL DMRS symbols are discussed. The proposals are given below:
Proposal 1: Support same symbol location for DL DMRS and UL DMRS with equal DMRS symbol number for CP-OFDM.
Proposal 2: DMRS designs (e.g. port mapping, layers configuration and symbol location) should be considered to facilitate the orthogonal configuration of DL DMRS and UL DMRS.
Proposal 3: RE muting can be considered for orthogonal configuration of DL DMRS and UL DMRS.
Proposal 4: Timing alignment between UL and DL DMRS symbols should be considered to facilitate the orthogonal configuration.
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