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1 Introduction
In this paper, we give our view in supporting of per RE level PDSCH rate-matching and RE mapping for NR-PDSCH. In particular, we proposed a two level of signalling. Using RRC signalling to configure N RE mapping patterns in the granularity of each RE, and use DCI to dynamic select one pattern to be used in current PDSCH. 
2 PDSCH Rate Matching and RE mapping design must be forward looking. 

One of the most crucial aspects for the first release of a new radio interface is the consideration of forward compatibility. The first release of LTE, for example, specified MBSFN subframes even though the MBMS feature itself was not specified until a later release. MBSFN subframes are broadcasted in the system information and are configured for all UEs of all LTE releases. They have proven a powerful tool for forward compatibility beyond the introduction of MBMS services. For example, MBSFN subframes have been used to create almost blank resources in Rel. 10 eICIC in a backward compatible manner. 
In NR, utmost care thus needs to be taken with regard to forward compatibility. In fact, forward compatibility should not only be ensured for services we know will be supported by 5G—similar to the case of MBMS in LTE Release 8—even for services that are yet unknown the air interface should provision the necessary means to introduce them in future releases without significant impact on legacy operations. 
In addition to being able to multiplex new services in either the time or frequency domain into the NR frame structure, forward compatibility with respect to new reference signals ought to be considered. For example, LTE did not provision any means for the introduction of CSI-RS in LTE Rel. 10 without impacting performance of legacy decides. In order to avoid such limitation happen again in the future release of NR, we propose to support PDSCH RE mapping and rate-match in the granularity of RE level.  
Proposal: PDSCH RE mapping signalling should support per RE level granularity
3 Signalling Framework

In Release 11, a new transmission mode was introduced for LTE, namely, TM10. TM10 allows the eNB to signal in the “PDSCH RE Mapping and Quasi-Co-Location Indicator” (PQI) field of DCI format 2D the RE mapping pattern for the associated PDSCH. Two bits allow the eNB to choose from four parameter sets that are RRC configured. In particular, the RE mapping pattern for a given parameter set is implicitly derived from the following parameters:
· crs-PortsCount-r11. 
· crs-FreqShift-r11. 
· mbsfn-SubframeConfigList-r11.
· csi-RS-ConfigZPId-r11.
· pdsch-Start-r11.
· qcl-CSI-RS-ConfigNZPId-r11. 
· zeroTxPowerCSI-RS2-r12 (conditional)
A similar design (RRC based semi-static configuration and DCI based dynamic selection) can be applied to the NR system. More specifically, RRC signalling can configure multiple PDSCH RE mapping patterns and DCI can select one out of configured patterns. 
Proposal: Adopt two level signalling framework for PDSCH RE mapping (similar to LTE): RRC signalling to configure multiple mapping patterns and DCI to select one for current PDSCH. 

4 RRC Signalling details
By RRC signalling, UE can be configured with multiple PDSCH RE mapping pattern, the RRC signalling of each pattern includes the following: 
1. The configuration of some RS/channels that PDSCH RE mapping should avoid, below are examples:
a. NR CORESET configurations 
b. NR CSI-RS configurations 
c. NR PDSCH starting symbols
d. NR PDSCH ending symbols 
2. Per RE level mapping pattern, with the following example signaling:
a. One bitmap where each bit represent one RE. (e.g., 12 subcarrier x 14 OFDM symbols) 
b. Two bitmap to indicate the RE mapping (one bitmap in time domain and one in frequency domain, see section-5 for more details)
c. If included in the RRC signaling, this bitmap will overwrite the configuration from step-1. 
3. Optionally, subband information can be included to indicate which subband the reserved resource applied.
Signalling-2 and 3 are optional information in RRC signalling which means they may not be included to save overhead. This is mainly for the use case where forward looking RE mapping is not yet used. In that case, there is no signalling overhead. 
5 Compact signalling for reserved resource. 
Clearly 2a in section-4 will result large signalling overhead: for a 12 subcarrier x 14 OFDM symbols, 168 bits is needed for per RE granularity. Instead of using one long bitmap, we propose to use two short bitmaps to reduce the signalling overhead. With two bitmaps on time and frequency domain separately, it’s possible to construct a RE mapping in the granularity of RE level. 
Let’s say, bitmap-1 is  where l is the index of OFDM symbol. Meanwhile bitmap-2 is  where k is the index of OFDM subcarrier. The final reserved resource mapping is defined as 

Where 
 are RRC signalling configured bitmaps.

The below figure illustrates the definition of 2-D bitmap. Bitmap-1 and Bitmap-2 are high layer configured bitmap, the reserved resource is defined according to both bitmaps. For a particular radio resource element (RE), the corresponding subcarrier and symbol index can map this RE to both bitmaps. If the bit in both bitmaps is 1, then the RE is considered as reserved resource. 



[image: ]


6 Conclusion
In this contribution, we discussed requirements and signaling mechanisms to ensure forward compatibility of the NR. The following is proposed:
· Dynamic indication of the PDSCH RE mapping behavior is supported
· N bits in the DCI select one of 2N  RRC configured PDSCH RE mapping pattern
· FFS: value of N 
· RRC based PDSCH RE mapping pattern configuration, each PDSCH RE mapping patterns may include:
· The configuration of some RS/channels that PDSCH RE mapping should avoid, below are examples:
· NR CORESET configurations 
· NR CSI-RS configurations 
· NR PDSCH starting symbols
· NR PDSCH ending symbols 
· Per RE level mapping pattern, with the following example signaling:
· One bitmap where each bit represent one RE. (e.g., 12 subcarrier x 14 OFDM symbols) 
· Two bitmap to indicate the RE mapping (one bitmap in time domain and one in frequency domain, see section-5 for more details)
· If included in the RRC signaling, this bitmap will overwrite the configuration from step-1. 
· Optionally, subband information can be included to signal the applicable subband the reserved resource applied.
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