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1. INTRODUCTION
[bookmark: _Hlk521410680]In WG1 Meeting #95 [1], RAN1 continued the discussion on multi-TRP transmission. Based on the discussion the following agreements were reached:
	· For multi-TRP/panel transmission, both multiple PDCCH and single PDCCH designs are supported in Rel-16
· Applies for eMBB

· For multiple-PDCCH based multi-TRP/panel DL transmission, at least following enhancements can be studied for eMBB: 
· Multiple PDCCH enhancements/restrictions, including following 
· #1: PDSCH scheduling restriction/indication, e.g. 
· The number of layers per PDSCH and the maximal of layers across all coordination TRPs 
· no/partial/full PDSCH overlapping at T/F domains, considering 
· associated rate matching mechanism 
· the maximum number of overlapped PDSCH per BWP per symbol
· PDSCH mapping types 
· PDSCH scrambling 
· #2: Configurations and monitoring of multiple PDCCH, e.g. 
· CORESET/search space configurations (including configuration details) for multi-TRP reception 
· The number of BD/CCE for multi-TRP reception  
· Independent DCI (strive to reuse Rel-15 DCI format/field) or dependent DCI (e.g. two-step DCI) considering 
· Associated DCI format/fields
· Applicability to non-ideal backhaul and ideal backhaul 
· #3: PDCCH/PDSCH processing/preparation timing for supporting multiple PDCCH
· UL control enhancement 
· [bookmark: OLE_LINK9]#4: UL ACK/NACK feedback for multiple TRP/panels, e.g. 
· separated A/N payload/DAI for PDSCH transmitted by different resources
· whether need to or how to handle intra-UE A/N and PUSCH overlapping at time domain 
· whether/how to do joint A/N payload considering the applicability of backhaul assumption 
· #5: CSI reporting enhancement for multiple TRP/panels, e.g. 
· CSI processing/timing, separated CSI reporting/reporting resources, and CSI multiplexing with A/N 
· Whether/how to use joint CSI reporting and associated reporting resource
· Whether and how to enhance HARQ, e.g.
· Increasing the number of HARQ
· Other enhancements are not excluded.
· Note that for the sake of discussion, the UE may assume that the UE may receive DL transmission from multiple TRP within a CP with single/multiple FFT windows. Companies are encouraged to clarify time/frequency synchronization assumptions for proposed multi-TRP/panel DL transmission.
· Note that CSI measurement enhancement for NCJT considering backhaul condition and semi-static network coordination are not excluded. Companies are encouraged to evaluate CSI measurement schemes in Ad-Hoc and RAN1#96. 

· Study for URLLC reliability/robustness enhancement with multi-TRP/panel/beam, including the case of ideal backhaul
· [bookmark: _Hlk530133533]For PDSCH/PUSCH where the same TB is transmitted including
· #1: the number of TRP/panel/beams
· #2: Configuration/indication mechanism of TB repetition
· Other enhancements are not excluded.
· For PDCCH/PUCCH
· #1: the number of TRP/panel/beams
· #2: Repetition/Diversity of DCI/UCI
· Other enhancements are not excluded.
FFS: Non-ideal backhaul case



In this contribution, we discuss application and our preliminary evaluation of multi-dimensional modulation for URLLC and multi-TRP transmission. 
2. MULTI-DIMENSIONAL MODULATION FOR ENHANCED RELIABILITY 
For NR Rel-16, further enhancement for URLLC reliability/robustness with multi-TRP/panel/beam is considered. An efficient approach to improve the performance of a multi-transmission system can be based on multi-dimensional modulation (MD). MD offers additional gains over the simple repetition mechanism. A multi-transmission system based on MD can be implemented over time or spatial domains. In a multi-TRP system, multi-modulation transmission can be spanned over the available TRPs where each TRP transmits the payload according to its assigned configured modulation parameters. 

Enhanced Reliability for URLLC
To enhance the reliability and robustness of the transmission, the overall transmission strategy should have a better leverage on diversity. The notion of diversity may include various transmission aspects such as spatial and time domain. However, simple spatial and time diversity alone may not be sufficient for achieving high reliability transmission.

Figure 1 shows the basic repetition mechanism to enhance the transmission reliability where each re-transmission is a replica of the first transmission. In NR Rel-15, the repetition mechanism is implemented across several slots as shown in Figure 1. At the receiver, by combining received replicas of the original transmission, the demodulation and detection performance can be improved through SNR enhancement. 



[bookmark: _Ref534198000]Figure 1
To further augment the performance of the system, MD can be used where a different constellation mapping for each transmission is adopted. Figure 2 shows implementation of an MD-based transmission where each bit group for symbol mapping is interleaved by a secondary interleaver per transmission. As a result, as shown in Figure 2, transmission of each bit group is mapped on a different constellation point per transmission. The interleaver can be designed to enhance detection capability by maximizing distance metrics such as a vector distance, Euclidean distance, product distance, etc. As demonstrated in Figure 2, for an exemplary transmission of “0011” bits, different 16QAM symbols are used to improve detection likelihood. 

Enhanced Reliability by Multi-TRP
In a multi-TRP deployment, instead of time, multi-dimensional modulation is applied across the spatial domain. As such, interleaver definition, i.e., effective constellation is varied per TRP. Figure 3 and 4 show different examples of a multi-TRP transmission assuming orthogonal and non-orthogonal resources, respectively.  In either case, UE performs a joint demodulation and detection such as Maximum Likelihood detection (ML). 
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3. Preliminary Evaluation
In this section, we present our preliminary evaluation results for a multi-TRP system with two transmission points. As discussed earlier, multi-dimensional modulation can be used in a multi-TRP system. Figure 7 shows effective constellation mappings for the first and second transmissions. Simulation parameters are specified in Table 1. Figures 5 and 6 show BLER performance of multi-transmission system with AWGN and fading channel assumptions. The measured performance indicates an enhancement of around 0.75 dB in either channel scenario.  

Proposal 1: RAN1 considers use of multi-dimensional modulation for URLLC and Multi-TRP transmissions.
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Figure 6
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4. Conclusions 
In this contribution, we discuss application and our preliminary evaluation of multi-dimensional modulation for URLLC and multi-TRP transmission. Based on the discussion, the following proposals is made:
 
Proposal 1: RAN1 considers use of multi-dimensional modulation for URLLC and Multi-TRP transmissions.
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Appendix
[bookmark: _GoBack]Table 1: Link-Level Simulations Assumptions
	Parameters
	Value / Assumption

	Carrier Frequency
	700 MHz

	Waveform (data part)
	CP-OFDM

	Channel coding
	NR-LDPC

	Numerology (data part)
	SCS = 15 kHz, #OS = 14

	Allocated bandwidth
	6 PRBs

	TBS per UE
	106 bytes + 2 bytes CRC

	BS antenna configuration
	1 Rx for AWGN, 2 Rx for TDL-C

	UE antenna configuration
	1Tx  

	Propagation channel & UE velocity
	AWGN and TDL-C 300ns in TR38.901, 3km/h

	Max number of HARQ transmission
	1

	Channel estimation
	Ideal channel estimation
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