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In NR#90 [1] and NR#3 [2] meetings, following agreements have been achieved about rate matching.
	#90 meeting
Conclusion:
· FFS PDSCH rate matching/puncturing w.r.t. at least the following signals.
· NZP CSI-RS resource(s) for channel measurement
· DMRS for PDSCH for the UE.
· DL PTRS
· TRS
· FFS: NZP CSI-RS for interference measurement
· Impact due to CLI if any
· Note: PDSCH rate matching for DL control channel, SS block, reserved resource are out of MIMO scope
· FFS PUSCH rate matching/puncturing w.r.t. at least the following signals
· DMRS for PUSCH for the UE.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        
· SRS
· UL PTRS
· Impact due to CLI if any
· Note: PUSCH rate matching for UL control channel, reserved resource are out of MIMO scope
Agreements:
· NR supports FDM between DMRS and PDSCH for CP-OFDM at least for some cases
· FFS the conditions for this feature
· NR supports FDM between DMRS and PUSCH for CP-OFDM at least for some cases
· FFS the conditions for this feature
· NR supports signaling for PDSCH rate matching in DMRS symbols
· FFS details
NR#3 meeting
[bookmark: OLE_LINK2]Agreement:
· RMR(s) for PDSCH resource mapping includes CSI-RS REs at least.



In this contribution, we provide some considerations on DL and UL data channel rate matching (RM) around RS, including DMRS, CSI-RS, and SRS. 
Discussion on rate matching for data channel
Rate matching around DMRS in NR
DMRS for data channel in NR may be totally different from LTE. It has been agreed that two configuration types of front-loaded DMRS are both supported in NR, where Type 1 supports to up to 8 orthogonal ports and Type 2 supports to 12 orthogonal ports. Since it has been agreed that 4 ports per-UE in MU-MIMO is supported in NR, 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
In Rel. 10, MU-MIMO is designed as a transparent way, where there is no difference between SU-MIMO or MU-MIMO transmission from UE perspective. In other words, the MU-MIMO is transparent to the UE only when co-scheduled UEs are using the CDMed orthogonal ports, i.e., co-scheduled UEs occupy the same RE resources and thus not needs additional information for rate matching. 
In NR, as agreed in #88bis meeting, maximal 12 orthogonal DL ports are supported for MU-MIMO. Based on the two DMRS configuration types agreed in NR Ad-Hoc#2 meeting and considering that 4 ports per-UE has been supported in MU-MIMO, the same level of transparency as in LTE is thus to be maintained. Therefore, non-transparent MU-MIMO is necessary for NR. 
Moreover, as FDM between DMRS and PDSCH/PUSCH has been supported at least for some cases in NR [1], additional signaling is necessary to indicate UE the information of the co-scheduled UE devices for rate matching around DMRS, e.g., the total transmission layer or DMRS port information of co-scheduled UE. Detailed signaling discussions and design for SU/MU-MIMO is provided in our companion contribution [3].
Observation 1: In NR, information of co-scheduled DMRS ports needs to be indicated to UE for rate matching around DMRS.
Proposal 1: DMRS ports indication should support non-transparent MU-MIMO in NR.
For signaling of rate matching around DMRS, 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 incurs a large control information overhead, which is undesirable considering the limited budget for PDCCH. For rate matching, the contents of signaling can be as:
· Opt.1: Signaling the number of total MU pairing layers
· E.g., the total MU pairing layers = 4 in 1 symbol case, then with this information, UE can understand which DMRS REs are used for other UEs. To further reduce the signaling overhead, the total MU pairing layers can be further quantized based on the CDM length, such as in 1 symbol case, the OCC length is 2, then if the MU pairing is 3 layers, the signaling of total number of 4 can be reused other than introduce additional bits for 3 layers cases, since the same 4 REs are occupied by MU 3 layers and 4 layers.  One of the detailed example is shown in Table-1.
· Opt.2: Signaling the number of CDM group occupied by co-scheduled DMRS ports
· [bookmark: OLE_LINK3]E.g., In the case of Configuration-2 with 1 symbol, where exists 3 CDM groups (OCC length=2). If CDM group 1 is occupied for MU pairing, then UE can know the total number of MU layer only is up to 2; if CDM group 1 and 2 are both occupied, then UE knows the total number of MU layers is up to 4. It will be easy for rate matching with such information. A detailed example is given in Figure-1.
For both Option 1 and Option 2, the information can be signaled by individual signaling or through additional information in the DCI table.
We here give an example for Option 1, as shown in Table 1, where maximal 6 layers transmission is considered with orthogonal DMRS, i.e., DMRS configuration type 2 with one symbol. In Table 1, an extra column of quantized MU pairing layers ({2,4,6}) is added to inform UE. Based on indication of the additional information and its own port indices, UE can know the DMRS ports used by co-scheduled UEs and then rate matching around DMRS. 





Table 1 Example of rate matching indication in DCI signaling table of DMRS type 2 with 1 symbol.
	One Codeword (<=4 layers)
	Two Codewords (>4 layer)

	value
	Total MU pairing layers
	UE Rank
	ports
	value
	Total MU pairing layers
	UE Rank
	ports

	0
	2
	1
	0
	0
	6
	5
	0-4

	1
	2
	1
	1
	1
	6
	6
	0-5

	2
	2
	2
	0-1
	2
	
	
	

	3
	4
	1
	0
	3
	
	
	

	4
	4
	1
	1
	4
	
	
	

	5
	4
	1
	2
	5
	
	
	

	6
	4
	1
	3
	6
	
	
	

	7
	4
	2
	0-1
	7
	
	
	

	8
	4
	2
	2-3
	8
	
	
	

	9
	4
	3
	0-2
	9
	
	
	

	10
	4
	4
	0-3
	10
	
	
	

	11
	6
	1
	0
	11
	
	
	

	12
	6
	1
	1
	12
	
	
	

	13
	6
	1
	2
	13
	
	
	

	14
	6
	1
	3
	14
	
	
	

	15
	6
	1
	4
	15
	
	
	

	16
	6
	1
	5
	16
	
	
	

	17
	6
	2
	0-1
	17
	
	
	

	18
	6
	2
	2-3
	18
	
	
	

	19
	6
	2
	4-5
	19
	
	
	

	20
	6
	3
	0-2
	20
	
	
	

	21
	6
	3
	3-5
	21
	
	
	

	22
	6
	4
	0-3
	22
	
	
	



We also give an example Option 2, as shown in Figure 1. For Configuration type 1, 2 CDM groups can be indicated with 1 bit. For example, ‘0’ denotes CDM group 1 (denoted as yellow color) is occupied, and ‘1’ denotes CDM groups 1 and 2 (denoted as red color) are occupied. Similarly, Configuration type 2 can be indicated with 2 bits. For example, ‘0’ denotes CDM group 1 is occupied, ‘1’ denotes CDM groups 1 and 2 are occupied, ‘2’ denotes 3 CDM groups are all occupied. In this way, UE can know the total number of MU layers (which corresponding to the occupied REs for DMRS ports) for rate matching, e.g., UE can know the total number of MU layer is up to 4 for ‘0’, 8 for ‘1’, and 12 for ‘3’ for Config2 with 2 symbols.
 [image: ]
Figure 1. An example of DMRS configuration type 1 and 2 with 1/2 symbols
Proposal 2: For non-transparent MU paring, the number of total MU pairing layers or the number of CDM group occupied by co-scheduled DMRS ports should be indicated to UE by individual signaling or through additional information in the DCI table.
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. For NC-JT, the UE is served by multiple cooperating TRPs without tight information exchange. Since it has been agreed that 1 PDCCH and 2 PDCCH are both supported in NR NC-JT, rate matching around DMRS should be also considered for these scenarios. 
For the case of single NR PDCCH, since all DMRS ports and RE positions could be signalled to UE by one NR PDCCH, it is straightforward to perform RM on these DMRS positions.
However, for two NR PDCCH case with non-ideal backhaul links, each TRP could schedule its PDSCH independently using its own PDCCH without knowing the other TRP’s scheduling DMRS RE positions and could transmit PDSCH on these DMRS RE positions, which could lead to significantly performance degradation for non-coherent JT. 
Based on the agreement that frequency domain CDMed DMRS ports are QCLed, for 2 PDCCH NC-JT, one possible approach is that 2 TRPs directly mute the DMRS groups of each other. Then, for each TRP, Option-1 or Option-2 in Section 2.1.1 can be utilized to perform RM. 
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 Ad-Hoc#2 meeting, two DMRS configurations have been agreed as a working assumption for both UL and DL. However, there is no agreement about whether the front-load DMRS configuration type for a UE for UL and DL can be different or not so far. In this case, rate matching around UL/DL DMRS should be considered to facilitate the orthogonal between UL and DL. 
[bookmark: OLE_LINK1]In NR Ad-Hoc#2 meeting, it has been agreed that, for DL,  the 1st DMRS position is fixed on the 3rd or 4th symbol of the slot, and for UL, the 1st DMRS position of the PUSCH is fixed relative to the start of the scheduled data. In this way, the DMRS of UL and DL may at the same or different symbols, i.e., the UL/DL DMRS may be FDMed/CDMed or TDMed. For TDM case, UL and DL may directly mute the DMRS symbols of each other, where the symbol location can be explicit indication or implicit indication based on system parameters. If the number of DMRS ports for duplexing flexibility is smaller than the CDM length, then the UL/DL ports can be CDMed, and can be transparent without additional signaling. Otherwise, FDM is needed and the DMRS port information of both the UL and DL DMRS should be indicated to the UE/TRP for rate matching. These information can be indicated based on aforementioned Opt.1 or Opt.2.
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 NR#3 meeting, it has been agreed that CSI-RS REs are included in the rate matching resource (RMR) for PDSCH resource mapping. However, the detailed configuration scheme has not been discussed yet. One straightforward way is to reuse the CSI-RS resource configuration agreed in NR as a baseline. 
Moreover, considering 1-port IFDMA pattern 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. 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 2, 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].
                        [image: ]
Figure 2.  An example of TRS
In addition, for high frequency scenario, if the antenna ports for PDSCH analog beams are assumed as spatial QCL, only the CSI-RS RE positions are required to be performed for rate matching as the legacy LTE does. However, when the antenna ports for PDSCH analog beams could not be assumed as spatial QCL, it means that PDSCH antenna ports and CSI-RS belongs to different analog beams. In this case, it is impossible for gNB to transmit PDSCH on the OFDM symbol that contains the other beams’ CSI-RS, as shown in Figure 3. One possible approach is that the whole OFDM symbol that contains the other beams’ CSI-RS should be muted or performed for rate matching.
[image: ]
Figure 3. An example of CSI-RS for analog beam
Observation 2: Symbol-level muting CSI-RS and bit-map indication also can be used for rate matching.
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 [4], cell-specific SRS configuration may not be necessary in NR, because it will be very complex due to supporting of multiple numerologies and wide band in one cell, and numerology issue also needs to be taken into account in RMR configuration for SRS.
One method to solve the problem above is to introduce UE-specific ZP-SRS, which can also be rate matching resource. The PUSCH is not allowed to be mapped on configured ZP-SRS resource. The tradeoff between configuration overhead and resource utilization should be considered. In particular, there are four options for ZP-SRS configuration, which are listed as follow:
· Opt1: symbol-level ZP-SRS
· Opt2: comb-level ZP-SRS
· Opt3: subband-level ZP-SRS
· Opt4: comb + subband level ZP-SRS
Opt1 allow gNB to indicate which symbol cannot be used for PUSCH transmission. It may have the lowest signaling overhead but the some RB or RE may be wasted if no SRS is mapped on them. The overhead of Opt2 and Opt3 is larger than Opt1, but it allows UE to transmit PUSCH on unused comb or sub-band, respectively. For Opt4, it has the largest configuration overhead but the best resource utilization. Therefore, for periodic and semi-persistent SRS, which are configured by high layer signaling, Opt2~Opt4 can be used for better resource utilization. For aperiodic ZP-SRS, which is triggered by DCI, Opt1 is preferred for low overhead. Additionally, since symbol-level ZP-SRS can be a combination of multiple ZP-SRS in Opt2~Opt4, triggering multiple aperiodic ZP-SRS pre-configured by high layer signaling in Opt2~Opt4 by one DCI can be another choice to reduce DCI overhead.
Proposal 3: To avoid interference between SRS and PUSCH from different UEs, NR should support UE-specifically configured ZP-SRS. 
Rate matching around PTRS
Non-orthogonal multiplexing of PTRS for MU-MIMO was agreed since the interference caused by other UEs data can be tolerated considering the high spatial separation among UEs. Thus, it is sufficient for the UE to do rate matching around its own PTRS only. Also, it is beneficial in terms of complicity and overhead, since it does not need the introduction of additional signalling.
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we briefly discuss some considerations of RS rate matching problem for data channel and we have the following observations and proposals:
Observation 1: In NR, information of co-scheduled DMRS ports needs to be indicated to UE for rate matching around DMRS.
Observation 2: Symbol-level muting CSI-RS and bit-map indication also can be used for rate matching.
Proposal 1: DMRS ports indication should support non-transparent MU-MIMO in NR.
Proposal 2: For non-transparent MU paring, the number of total MU pairing layers or the number of CDM group occupied by co-scheduled DMRS ports should be indicated to UE by individual signaling or through additional information in the DCI table.
Proposal 3: To avoid interference between SRS and PUSCH from different UEs, NR should support UE-specifically configured ZP-SRS. 
References
[bookmark: _Ref167612671]3GPP, “RAN1 #90 meeting Chairman’s Notes”, Prague, Czech Republic, Aug. 21-25 2017.
3GPP, “RAN1 NR#3 meeting Chairman’s Notes”, Nagoya, Japan, Sept. 18-21 2017.
Huawei, “Signaling of DMRS ports for SU/MU-MIMO”, R1-1717310, Prague, Czech Republic, Oct. 9-13 2017.
Huawei, “UL SRS design for beam management and CSI acquisition”, R1-1717307, Prague, Czech Republic, Oct. 9-13 2017.
image3.png
Beam #n = =
\ [ ] |
] - 5 time
Beam #m #m and #n are spatial QCL #m and #n not PDSCH
spatial QCL — CSI-RS

RM RE




image1.png
1-symbol 2-symbol 1-symbol 2-symbol
DMRS configuration type 2 DMRS configuration type 2




image2.png
oneslot

o oms1

W ms:





