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1 Introduction
In #88bis [1] and #89 [2] meetings, there are some discussions and agreements about the pattern design of RS, including DMRS, CSI-RS, and SRS. 
	Agreements: 

· Support at least the following design of DL DM-RS for data channels 

Support the maximal 12 orthogonal DL DMRS ports for MU-MIMO 
Working assumption:

· UEs in a cell are higher layer configured with 2 DMRS configurations for the front-load DMRS for UL/DL CP-OFDM

· Front-load DMRS Configuration 1: Supports up to 8 ports

· IFDM based pattern with Comb [2] and/or [4] w cyclic shifts (CS)

· One OFDM symbol: 

· To be down selected to 1 Alt:

· Alt 1: Comb 2 + 2 CS, up to 4 ports

· Alt 2: Comb 4 + 2 CS, up to 8 ports

· Two OFDM symbols: 

· To be down selected to 2 Alts:

· Alt. 1: Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports

· Alt. 2: Comb 2 + 4 CS + TD-OCC ({1 1}), up to 8 ports

· Alt. 3: Comb 4 + 2 CS + TD-OCC ({1 1}), up to 8 ports

· Front-load DMRS Configuration 2: Supports up to 12 ports

· FD-OCC pattern with adjacent REs in the frequency domain

· One OFDM symbol:

· To be down selected to 1 Alt:

· Alt. 1: 2-FD-OCC across adjacent REs in the frequency domain up to 6 ports

· Alt. 2: 2-FD-OCC across adjacent REs in the frequency domain up to 4 ports

· Alt. 3: 2-FD-OCC across adjacent REs in the frequency domain up to 2 ports

· Two OFDM symbols: 

· 2-FD-OCC across adjacent REs in the frequency domain + TDM up to 12 ports

· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports

· FFS: DMRS pattern before configuration, e.g., SIB1
Agreements:

· At least for CSI-acquisition, for density 1 RE/port/PRB, X<8, and N=1 or 2 OFDM symbol, support X-port CSI-RS resource composed of M adjacent RE(s) in the frequency domain and N adjacent RE(s) in the time domain
· FFS X=1

· X=2: (M, N)= (2, 1) , FFS (1, 2)
· X=4: (M, N)= (4, 1) , (2, 2)
· FFS N > 2

· FFS: RE patterns for beam management

· FFS: the RE pattern for an X-port CSI-RS resource when X>=8

· FFS: the number of component CSI-RS RE patterns for X>=8-port CSI-RS resources

· Strive to minimize the possible pairs of (Y,Z) for the component CSI-RS RE patterns while considering configuration complexity and overhead


In this contribution, we provide some considerations on data channel rate matching (RM) around DMRS, CSI-RS, and SRS. 
2 Discussion on rate matching for data channel
· Rate matching around DMRS in NR
DMRS for data channel in NR maybe totally different from LTE. In RAN1 #88bis meeting, it was agreed that maximal 12 orthogonal DL DMRS ports is supported for MU-MIMO. In RAN1 #89 meeting [2], it was agreed as a working assumption for DMRS, where 2 front-loaded DMRS configurations may be both support. Therefore, rate matching around DMRS needs to be reconsidered to support various scenarios in NR, e.g., MU-MIMO transmission, coordinate multi-point transmission (CoMP), and duplexing flexibility. In the following, we provide some considerations of the RM issues for DMRS in NR.
· RM around DMRS for MU-MIMO
For MU-MIMO, multiple UEs are served by the same gNB/TRP. Generally, to guarantee satisfactory performance, the orthogonality between co-scheduled UEs is achieved by using orthogonal DMRS ports. In this case, besides its DMRS REs, UE also needs to know the DMRS RE locations used by co-scheduled UE devices for rate matching.
In Rel. 10, MU-MIMO is designed as a transparent way, i.e., the UE is not aware of any co-scheduled users since there is no explicit control signaling about the other co-scheduled UEs. Thus, from UE perspective, there is no difference between SU-MIMO and MU-MIMO transmission. This transparent design is achieved by multiplexing the DMRS ports of co-scheduled UEs by CDM on the same RE resources. In this way, the UE can perform decoding with only its own information, e.g., rank and DMRS ports, without needing the information of co-scheduled UEs. This transparent design requires no additional PDCCH signaling and provides dynamic SU/MU switching. 
However, in LTE, this transparent design only supports MU-MIMO with maximal 4 orthogonal ports. The MU-MIMO is transparent to the UE only when co-scheduled UEs are using the CDM-ed orthogonal ports, i.e., co-scheduled UEs occupy the same RE resources and thus not needs additional information for rate matching. To put it simply, the maximum number of orthogonal ports for transparent MU-MIMO equals to the maximum CDM length of DMRS pattern. 
In NR, as mentioned above, maximal 12 orthogonal ports needs to be supported for MU-MIMO. However, based on the working assumption of DMRS configuration agreed in #89 meeting, where the maximum CDM length is 4, it is difficult to maintain the same level of transparency as in LTE. Therefore, non-transparent MU-MIMO is necessary for NR.  In this way, additional signaling is needed to indicate UE the information of the co-scheduled UE devices for rate matching, e.g., the total transmission layer or DMRS port information of co-scheduled UE. Detailed signaling design for SU/MU-MIMO is provided in our companion contribution [3].
Observation 1: Considering NR supports 12 orthogonal ports for MU-MIMO, non-transparent DMRS for MU-MIMO is necessary in NR.

Observation 2: Additional signaling for rate matching around DMRS is needed in NR MU-MIMO.

For rate matching, one straightforward method is to directly indicate UE the DMRS port indices of co-scheduled UEs. Although this method has less limitation on scheduling flexibility, it may incur a large control information overhead, which is undesirable considering the limited budget for PDCCH. To reduce the signaling overhead, some methods that based on some pre-defined scheduling rules or utilize the DMRS pattern characters can be further considered to get a tradeoff between the scheduling flexibility and signaling overhead. For example, 
· Alt. 1: introduce additional signaling for co-scheduled DMRS information such as the total number of transmission layers, 
· Alt. 2: add an extra column of total port number into DCI table for antenna port indication.
Table 1 gives an example of DL signaling for DMRS rate matching (Alt. 2), where maximal 6 layers transmission is considered with orthogonal DMRS. In Table 1, an extra column of total port number is added to inform UE the configuration information of the co-scheduled DMRS. Based on indication of the total layer and its port indices, UE can thus know the DMRS ports used by co-scheduled UEs and then rate match the PDSCH. 
Table 1 an example of port combinations for up to 6 DMRS antenna ports
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Value

Total layer

number

UE Rank DMRS ports MIMO mode

0 1 1 0 SU-MIMO

1 2 1 0 MU-MIMO

2 2 1 1 MU-MIMO

3 2 2 0-1 SU-MIMO

4 3 1 0 MU-MIMO

5 3 1 1 MU-MIMO

6 3 1 2 MU-MIMO

7 3 2 0-1 MU-MIMO

8 3 3 0-2 SU-MIMO

9 4 1 0 MU-MIMO

10 4 1 1 MU-MIMO

11 4 1 2 MU-MIMO

12 4 1 3 MU-MIMO

13 4 2 0-1 MU-MIMO

14 4 2 2-3 MU-MIMO

15 4 3 0-2 MU-MIMO

16 4 4 0-3 SU-MIMO

17

5 1 0

MU-MIMO

18

5 1 1

MU-MIMO

19

5 1 2

MU-MIMO

20

5 1 3

MU-MIMO

21

5 1 4

MU-MIMO

22

5 2 0-1

MU-MIMO

23

5 2 2-3

MU-MIMO

24

5 3 0-2

MU-MIMO

25

5 4 0-3

MU-MIMO

26

5 5 0-4

SU-MIMO

27

6 1 0

MU-MIMO

28

6 1 1

MU-MIMO

29

6 1 2

MU-MIMO

30

6 1 3

MU-MIMO

31

6 1 4

MU-MIMO

32

6 1 5

MU-MIMO

33

6 2 0-1

MU-MIMO

34

6 2 2-3

MU-MIMO

35

6 2 4-5

MU-MIMO

36

6 3 0-2

MU-MIMO

37

6 3 3-5

MU-MIMO

38

6 4 0-3

MU-MIMO

39

6 6 0-5

SU-MIMO


Proposal 1: Non-Transparent DMRS for MU-MIMO should be supported in NR.
Proposal 2: Scheduling flexibility and control signaling overhead should be jointly considered in the indication design for rate matching.
· RM around DMRS for CoMP 

CoMP is considered in LTE-A system to improve the cell-edge performance as well as total cell throughput, which utilizes multiple TRPs that may or may not belong to the same physical cell to enhance the signal quality as well as decrease the spatial interference. In NR, since coherent joint transmission (JT) and non-coherent JT (NC-JT) have been both agreed for CoMP, in the following, the rate matching problem will be discussed for both these two scenarios.

For coherent JT MU-MIMO, the coordinated TRPs are accessed to backhaul and are allowed for data exchange and information sharing. In this case, the centralized scheduler is possible. However, the backhaul latency and the overhead of data sharing may limit the cooperation.  Once TRPs can be coordinated by an ideal backhaul, the methods of MU-MIMO can be easily employed to the coherent JT MU-MIMO scenario.
Compared to the coherent JT, NC-JT is particularly appealing due to its low complexity, smaller overhead, and ability for load balancing. For NC-JT, the UE is served by multiple cooperating TRPs without tight information exchange. Different to coherent JT, where TRPs are able to share information while UE needs to know the DMRS port information of the co-scheduled UEs, the main problem of rate matching in NC-JT is that the TRP needs to know the DMRS port information of the co-operated TRP, so that to mute the corresponding REs before transmission to avoid the interference between data and DMRS of different TRPs. 
· RM around DMRS for duplexing flexibility  

Duplexing flexibility enables adjustments of uplink (UL) and downlink (DL) resources flexibly according to the instantaneous traffic load and thus has been widely considered in NR. In #89 meeting, two DMRS configurations have been agreed as a working assumption for both UL and DL. Therefore, for duplexing flexibility, UL and DL may use the same or different DMRS configurations. In this case, rate matching around UL/DL DMRS should be considered to facilitate the orthogonal between UL and DL. 
Consider UL and DL use the same DMRS configuration. So far, as there is no agreement of the specific symbol location of UL and DL DMRS, one may consider different symbol locations for UL/DL DMRS. In this way, the orthogonality between DMRS ports of duplexing flexibility is easy to be guaranteed by TDM. However, it may incur a large number of muted REs for rate matching around UL and DL DMRS, which will certainly decreases the system efficiency. Assume UL and DL DMRS are with the same symbol location. If the number of DMRS ports for duplexing flexibility is smaller than the CDM length, the UL/DL ports can be CDM-ed and thus the system can be transparent without additional signaling. Otherwise, both the UL and DL DMRS ports should be indicated to the UE/TRP for rate matching. Another issue that needs to be considered is timing alignment, which may destroy the orthogonality between UL and DL DMRS ports and further influence the rate matching design. 
· Rate matching around CSI-RS 
In LTE, the rate matching around CSI-RS is achieved by zero-power (ZP) CSI-RS. The intention with the ZP CSI-RS is to define additional CSI-RS resources to which the device should assume that PDSCH is not mapped. For example, these resources may correspond to CSI-RS of other devices within the cell or within neighbor cells. To be more specific, the key point of rate matching around CSI-RS is to indicate UE a certain ZP CSI-RS resource that the corresponding REs should be avoided for PDSCH mapping.

In RAN1#88bis meeting, it was agreed that, at least for CSI acquisition, the CSI-RS patterns for 2 and 4 ports are composed of M adjacent RE(s) in the frequency domain and N adjacent RE(s) in the time domain. Specifically, for 2 ports the pattern (M, N) is (2, 1), and both (4, 1) and (2, 2) 4-port CSI-RS patterns, and more candidates will be further studied for more than 4 ports. The rate matching indication similar as the CSI-RS resource configuration can be considered. For example, similar as LTE, using a configuration index can be considered to represent one candidate pattern of a given number of ports.

Moreover, if IFDMA is supported for beam management or fine time/frequency tracking is taken by CSI-RS, for which comb like pattern is used, we can consider configuring the time/frequency location of the related rate matching resource by two parameters, one for frequency-domain location, the other for time-domain location [4]. For the frequency-domain parameter, it includes a comb value b, and a b-bit bitmap u to indicate which offset RE is occupied. Value '1' means the corresponding RE is configured. For the time-domain parameter, suppose total g OFDM symbols can be used for CSI-RS transmission, then define a g-bit bitmap v to identify in which OFDM symbols the subcarriers as indicated in parameter 1 are occupied. For example, to rate matching around the TRS 1 and TRS 2 as shown in Figure 1, the parameters b, u and v are configured as b=4, u=[1 0 1 0], v=[1 0 1 0 0 0 1 0 1].
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Figure 1.  An example of TRS
· Rate matching around SRS

In NR, it has been agreed in RAN1#89 that configuration of an SRS resource within multiple adjacent OFDM symbols, e.g. 1, 2, 4, within the same slot is supported. As introduced in [5], unused resources in a cell-specifically configured SRS symbol could be utilized for data transmission to improve the data transmission, and therefore UE needs to implement rate matching considering reuse of these resources. Taking the signaling overhead into account, gNB should at least indicate the cell-specifically configured SRS symbol(s) which can be used for PUSCH transmission within the scheduled slot. Multiplexing of SRS and PUSCH in different sub-bands or different combs may lead to very high overhead and may not be preferred. Therefore, multiple bits corresponding to the maximum number of cell-specifically configured SRS symbols in a slot are needed in DCI to enable rate matching around SRS. 
3 Conclusions
In this contribution, we briefly discuss some considerations of RS rate matching problem for data channel.
Observation 1: Considering NR supports 12 orthogonal ports for MU-MIMO, non-transparent DMRS for MU-MIMO is necessary in NR.

Observation 2: Additional signaling for rate matching around DMRS is needed in NR MU-MIMO.
Proposal 1: Non-Transparent DMRS for MU-MIMO should be supported in NR.
Proposal 2: Scheduling flexibility and control signaling overhead should be jointly considered in the indication design for rate matching.
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