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1. INTRODUCTION
[bookmark: _Hlk521410680]In WG1 Meeting #AH1901 [1], RAN1 continued the discussion on multi-TRP transmission. Based on the discussion the following agreements were reached:
	Agreement
· For multi-DCI based multi-TRP/panel transmission, the total number of CWs in scheduled PDSCHs, each of which is scheduled by one PDCCH, is up to X and also the total number of MIMO layers of scheduled PDSCHs is up to reported UE MIMO capability, if resource allocation of PDSCHs are overlapped.
· X=2
· FFS: X=3
Agreement
· For multiple-PDCCH based multi-TRP/panel transmission for eMBB, for the purposes of PDCCH detection, UE does not assume any dependency amongst the multiple PDCCHs
Agreement
· For multiple-PDCCH based multi-TRP/panel downlink transmission for eMBB, 
· Separate ACK/NACK payload/feedback for received PDSCHs is supported
· FFS: Details on PUCCH carrying separate ACK/NACK payload/feedback
FFS: Whether to additionally support joint ACK/NACK payload/feedback for received PDSCHs
Agreement
· For a UE supporting multiple-PDCCH based multi-TRP/panel transmission and each PDCCH schedules one PDSCH, at least for eMBB with non-ideal backhaul, down-select one alternative from following in RAN1 96 
· Alt 1: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs
· Alt 2:  the UE can be only scheduled with full/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs
· Alt 3: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:
· Same DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the DMRS symbol location and DMRS configuration type shall be assumed by the UE for full/partially overlapping PDSCHs. 
· The UE is not expected to have more than one TCI state with DMRS ports within the same CDM group for full/partially overlapping PDSCHs 
· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  
· Other restrictions are not excluded, for example BWP switching
Agreement
· TCI indication framework shall be enhanced in Rel-16 at least for eMBB: 
· Each TCI code point in a DCI can correspond to 1 or 2 TCI states 
· When 2 TCI states are activated within a TCI code point, each TCI state corresponds to one CDM group, at least for DMRS type 1 
· FFS design for DMRS type 2
· FFS: TCI field in DCI, and associated MAC-CE signaling impact
Agreement
· For multi-TRP specification support for URLLC, support at least one of following schemes for transmitting the same transport block from multiple TRPs. Study following schemes for further down-selection for one or more schemes in next meetings
· Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation
· Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation
· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation
· Scheme 4 (TDM): n (n<=Nt2) TCI states with K different slots. 
· For further study:
· Details on restriction related to MCS, modulation order for PDSCHs from different TRPs w.r.t. schemes 1 to 4.
· Whether to support mini-slot PDSCH repetitions 
· Signalling mechanism 
· Companies to consider how the schemes apply for FR1 and FR2
· Whether the number of repetitions can be larger than the number of TCI states (n)
· Further clarification for each scheme can be elaborated in RAN1 96 
· Baseline scheme in addition to Rel-15 single-TRP scheme for evaluations
· SFN transmission based on Rel-15 from multi-TRP with single TCI state
· Companies to provide details on assumption on time/frequency synchronization and TRS transmission across TRPs
· Note that supporting multiple schemes in Rel-16 is not excluded.  
· Note that control signalling mechanism for PDSCH reliability/robustness enhancement schemes can be discussed separately.



In our contribution [2] we discussed the application of multi-dimensional modulation for URLLC and multi-TRP transmission. Our preliminary results in [2] showed the potential of using multi-dimensional modulation in multi-TRP transmissions. In this contribution we discuss multi-dimensional modulation for multi-TRP transmission in the agreed schemes from the January adhoc meeting. 
2. Transmission schemes
In the AH1901 meeting, several schemes were proposed for the transmission of repetitions. A repetition is sent on a different TRP than the original transmission. Diversity is obtained from transmitting through channels with different fading characteristics. There is more than one way to multiplex the repetitions and different alternatives were proposed. The alternatives represent variations on which time/frequency resources are used for the repetitions. Four different schemes were identified for downselection. In this section, we provide our views on the different schemes and the application of multi-dimensional modulation. 
Scheme 1 is a type of spatial division multiplexing scheme. The transmission and the repetitions are sent on the exact same set of resources in time and frequency. Joint precoding can be achieved using for example cyclic delay diversity. An MMSE-IRC type of receiver is required to perform detection since the different transmissions need to be spatially separated at the receiver. This is equivalent to a multi-layer MIMO transmission but where the layers are transmitted from different TRPs. The benefit over single TRP multi-layer transmission stems from the channel variations which are less correlated and provide more opportunities to enhance reception. In addition, the UE does not need to wait for several time instants until all repetitions are received since they are simultaneously sent. One of the drawbacks of Scheme 1 is that it requires tight coordination between multiple TRPs to ensure transmission are synchronized and that they are scheduled on the same set of resources. The interlayer interference is also an issue that requires coordinating DMRS transmissions to ensure accurate channel estimation is available at the UE. 
	Scheme 2 is a type of frequency division multiplexing scheme. The transmission and the repetitions are sent on the same time instant but on non-overlapping parts of the spectrum. The resource allocation for the transmission block could be contiguous or interleaved between repetitions. Different bandwidth locations provide additional diversity in frequency selective channels. Contrary to scheme 1, the resource assignment is orthogonal which avoids the issue with interlayer interference. Scheduling is also more flexible since different PRBs can be chosen for the different TRPs if they are not overlapping; however, it comes at the cost of a wider bandwidth coordination region. The bandwidth per transmission does not change but the set of non-overlapped bandwidth regions used by multiple coordinated TRPs occupies a larger part of the spectrum. 
	Scheme 3 is a type of time division multiplexing scheme. Multiple repetitions are sent within the same slot on different TRPs. For example, with two repetitions, OFDM symbols 1:N1 are occupied by TRP1 and OFDM symbols N1+1:N2 are occupied by TRP2 where N2 is no greater than the number of OFDM symbols in a slot. This scheme allows small packet transmissions to be completed within a slot on orthogonal time resources. It benefits from additional diversity in time selective channels if the channel varies significantly within a slot. Scenarios which require short round trip times are the most likely to benefit from this setup. Tight synchronization is needed between multi-TRPs to align transmission on non-overlapping OFDM symbols. 
	Scheme 4 is a type of time division multiplexing scheme. Multiple repetitions are sent in different time slots on different TRPs. It is similar to scheme 3 but with larger inter-repetition periodicity. The benefit of allowing larger periodicity is to still take advantage of time diversity in more slowly varying fading channels. However, larger periodicity also affects the latency. The UE needs to wait multiple TTIs before receiving all repetitions. It also requires overhead since each transmission requires its own slot with associated control information.  
[bookmark: _GoBack]All schemes benefit from the spatial diversity provided by multiple TRPs. In terms of BLER, schemes 2,3,4 give similar diversity gains. Scheme 1 potentially suffers from some performance degradation due to the inter-layer interference from overlapped resources. 
With respect to multi-dimensional modulation, it is applicable to all schemes. It can be simply enabled by changing the constellation used by different TRPs. The constellation choice could be semi-statically preconfigured at the gNB during initial access or it could be determined when multi-TRP transmission is activated. Alternatively, it could be dynamically signaled to the UE as part of the DCI scheduling the repetitions across multi-TRPs.
3. Performance evaluation
In this section, we present our preliminary evaluation results for a multi-TRP system with two transmission points. 

We first compare the case where the same constellation is used for all repetitions. The 16QAM constellation from NR specifications is used throughout. Two TRPs coordinate the transmission of the repetitions. From Figure 1 we observe that the performance between the different schemes is similar. A degradation of ~1 dB is observed below 10% BLER in scheme 1. This is the scheme that makes use of overlapping resources and where some inter-layer interference is expected. 
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[bookmark: _Ref1050211]Figure 1

As discussed earlier, multi-dimensional modulation can be used in a single and a multi-TRP system. We compare the performance of scheme 3 single vs multi-TRP with and without multi-dimensional modulation in Figure 2. In single TRP, repetitions are all sent from one point in different OFDM symbols within the slot. In the multi-dimensional case, the constellation mappings are varied between repetitions as shown in Figure 3 where the effective constellation mappings used are illustrated for the first and second transmissions. Simulation parameters are specified in Table 1. 

From Figure 2 we can observe that using multi-dimensional modulation provides a gain of ~0.7 dB compared to the case of using NR constellations. The improved distance properties of using different modulation yields a noticeable gain in overall BLER performance. We also observe that two TRPs provides an additional spatial diversity gain of ~0.4 dB compared to single TRP gain. Multi-dimensional modulation is useable in single or multi-TRP situations and provides similar gains over basic NR constellations. 

Base on the discussion, we make the following proposal:

Proposal 1: RAN1 considers use of multi-dimensional modulation for URLLC and Multi-TRP transmissions.
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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
	52 bytes including CRC

	BS antenna configuration
	2 Rx

	UE antenna configuration
	1Tx  

	Propagation channel & UE velocity
	TDL-A 30ns in TR38.901, 3km/h

	Max number of HARQ transmission
	1

	Channel estimation
	Ideal channel estimation




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 proposal is made:

 Proposal 1: RAN1 considers use of multi-dimensional modulation for URLLC and Multi-TRP transmissions.
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Appendix
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 4 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 4. 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 4
To further augment the performance of the system, MD can be used where a different constellation mapping for each transmission is adopted. Figure 5 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 5, 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 6 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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