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1. Introduction
As RAN1 completes core specification work for downlink multiuser superposition transmission (MUST), RAN4 is supposed to start work on performance requirement specification. In this contribution, we provide overview of RAN1 specification for MUST feature and our proposal on performance requirement framework. 
2. Superposition transmission
2.1. Overview of RAN1 design
RAN1 studied potential downlink system capacity improvement by multiuser superposition transmission as summarized in TR 36.859. Based on the outcome of SI, RAN1 continued specification work in Rel-13 for following cases. 
· Case 1: Superposed PDSCHs are transmitted using the same transmission scheme and the same spatial precoding vector 

· Case 2: Superposed PDSCHs are transmitted using the same transmit diversity scheme.
In nutshell, MUST is multi-user transmission scheme with same precoding and we can illustrate transmission encoding as in figure 1, which is taken from MUST category 2 in TR 36.859. In the figure, TB1 is transmitted to MUST-near UE with higher CINR condition while TB2 is transmitted to MUST-far UE with lower CINR condition. There are a few parameters to consider in the MUST transmission. 

Transmission mode
RAN1 work for MUST considered both CRS and DM-RS TM but ended up with specifying MUST transmission for only CRS TM with up to 2 transmission antenna. MUST is multiuser transmission with same precoding, which usually provides system capacity gain when eNB has small number of transmit antenna. When eNB has 4 or larger number of transmit antenna, MU-MIMO transmission, i.e., multiuser transmission with different precoding, can provide higher system capacity. 
Observation 1. MUST is specified for CRS TMs (TM1, TM2, TM3 and TM4) with up to 2 transmit antenna. 

Gray mapping
For gray mapping for modulation symbol selection, joint gray mapping is applied instead of separate gray mapping as shown in the figure below. Joint gray mapping allows constellations on the quadrant boundary to be mapped on the same coded bits of MUST-near UE, which help improve demodulation performance for MUST-near UE. 
Observation 2. Joint gray mapping is applied in constellation mapping. 

Modulation order
Modulation order of MUST-near UE and MUST-far UE determines number of constellation points in composite constellation and corresponding demapping algorithm complexity. RAN1 decided to use only QPSK constellation for MUST-far UE while QPSK, 16QAM and 64QAM constellation can be selected for MUST-near UE. 
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(a) Transmitter side processing
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(b) Composite constellation

Figure 1. MUST transmission (category 2)

Observation 3. Following modulation orders are supported for MUST transmission

· QPSK for MUST-far UE + QPSK for MUST-near UE : 16QAM composite constellation

· QPSK for MUST-far UE + 16QAM for MUST-near UE : 64QAM composite constellation

· QPSK for MUST-far UE + 64QAM for MUST-near UE : 256QAM composite constellation
Power allocation
eNB can allocate different power to MUST-near UE and MUST-far UE constellation to achieve higher system capacity depending on CINR condition. RAN1 agreed to support 3 different power allocations for each modulation order combination.
Observation 4. eNB can select one of 3 power allocation options to achieve higher system capacity. 

· { 8/10, 50/58,  264.5/289}  for  QPSK+QPSK
· { 32/42, 144.5/167, 128/138}   for 16QAM+QPSK
· {128/170, 40.5/51, 288/330}   for  64QAM+QPSK
Note that, for MUST transmission, eNB may configure separate TPR parameter via PA_MUST. PA_MUST corresponds to the total EPRE to the CRS EPRE ratio of the PDSCHs for MUST-far and MUST-near UE in OFDM symbols without CRS. If PA_MUST is not provided by RRC signaling, legacy PA is applied to derive the MUST near UE’s PDSCH power. 
Observation 5. eNB can provide a new RRC parameter PA_MUST to configure TPR for MUST transmission. 
Table 1. DCI signaling for MUST transmission
	DCI field value
	Description

	0
	No MUST interference present

	1
	First power ratio is used

	2
	Second power ratio is used

	3
	Third power ratio is used


DCI Signaling
RAN1 also agreed to introduce 2 bit signaling per layer in DCI for MUST-near UE to indicate existence and power allocation of MUST-far UE. DCI is modified for following DCI format. Note that when existence of MUST interference is indicated in DCI, it is assumed that MUST interference is present in all PRBs allocated to the MUST-near UE. 
· DCI format 1: the 2bit field for MUST interference existence and power ratio.

· DCI format 2A: the 2bit field for MUST interference existence and power ratio.

· DCI format 2: the 2bit field per layer for MUST interference existence and power ratio.
Observation 6. Existence and power ratio of MUST interference is indicated additional 2 bit per layer in DCI. 

UE demodulation
When MUST transmission is used at eNB, it is supposed to be transparent to MUST-far UE. PDSCH for MUST-far UE is modulated with QPSK constellation and MUST-far UE can demodulated the composite constellation as QPSK without knowing the presence of superposed MUST-near UE transmission. There could be slight demodulation performance degradation due to MUST-near UE superposition but MUST-far UE is not required to do any special processing for MUST-near UE signal. DCI for MUST-far UE would be same as legacy DCI for TM1/2/3/4. 
Observation 7. PDSCH demodulation for MUST-far UE is transparent to existence of superposition transmission. 
On the other hand, MUST-near UE should consider existence and power allocation of MUST interference when demodulating PDSCH. For MUST-near UE, there could be following TM and MUST combinations when presence of MUST interference is indicated. 

· TM1 PDSCH + MUST interference on 1 layer

· TM2 PDSCH + MUST interference on 2 layer
· TM3 PDSCH + MUST interference on 2 layer

· TM4 rank 1 PDSCH + MUST interference on 1 layer

· TM4 rank 2 PDSCH + MUST interference on 1 layer
· TM4 rank 2 PDSCH + MUST interference on 2 layer

If DCI indicates that there is no MUST interference, MUST-near UE should apply legacy demodulation. 
Observation 8. MUST-near UE should consider existence and power allocation of MUST interference when demodulating PDSCH.
When presence of MUST interference is indicated, demapper should assume composite constellation in demapper operation. For example, when DCI indicates QPSK modulation for PDSCH and also presence of MUST interference, demapper should operate on composite constellation with 16 constellation points. Also 2 LLRs out of 4 LLRs for each RE should be delivered to decoder for decoding. 
2.2. Performance requirement framework

According to overview of RAN1 design in section 2.1, PDSCH demodulation for MUST-far UE is transparent to superposition transmission in that
· DCI for MUST-far UE is same as legacy DCI. 

· PDSCH demodulation for MUST transmission is supposed to be same as non-MUST transmission. 
Therefore, there is no need to specify a new performance requirement for MUST-far UE. 
Proposal 1. There is no need to specify a new performance requirement for MUST-far UE.
For MUST-near UE, receiver processing for MUST transmission is completely different from non-MUST transmission. MUST-near UE should apply demapper operation on composite constellation and modify LLR delivery to decoder when presence and power allocation of MUST interference is indicated by DCI. 
Proposal 2. RAN4 should specify PDSCH demodulation tests for MUST-near UE. 

Superposition transmission is applied per-layer and therefore UE should be able to handle following three different TM and MUST interference combination. 
· 1 layer PDSCH with rank 1 MUST interference (TM1)

· 2 layer PDSCH with rank 2 MUST interference (TM2, TM3, TM4 rank 2)

· 2 layer PDSCH with rank 1 MUST interference (TM4 rank 2)

Considering that deployment of TM1 is rare in commercial LTE network and handling of rank 1 PDSCH with rank 1 MUST interference can be considered as subset of other cases, we would like to deprioritize TM1 case. 

Proposal 3. PDSCH demodulation test for MUST-near UE should cover following TM and MUST interference combinations. 
· 2 layer PDSCH with rank 2 MUST interference (TM2, TM3, TM4 rank 2)

· 2 layer PDSCH with rank 1 MUST interference (TM4 rank 2)

Demapper operation of MUST-near UE is dependent on composite constellation, which again is dependent on modulation combination and power allocation for MUST-near and MUST-far UE. In principle, RAN4 should consider verification of all 3 possible modulation combination, i.e., QPSK+QPSK, 16QAM+QPSK and 64QAM+QPSK. However, composite constellation for 64QAM+QPSK leads to constellation with 256 signal points on possibly non-uniform grid. In order to achieve reasonable performance with such constellation design, eNB should provide better EVM than existing EVM requirement as analyzed in [1]. 
Proposal 4. PDSCH demodulation test for MUST-near UE should cover following modulation combination.
· QPSK for MUST-near UE and QPSK for MUST-far UE
· 16QAM for MUST-near UE and QPSK for MUST-far UE

· FFS 64QAM for MUST-near UE and QPSK for MUST-far UE depending on Tx EVM enhancement discussion
Proposal 5. PDSCH demodulation test for MUST-near UE should cover different power allocation. RAN4 should consider random power allocation to cover all power allocation without increasing test cases. 
3. MU-MIMO transmission

3.1. Overview of RAN1 design

In MUST WI, RAN1 decided to enhance MU-MIMO transmission for only DM-RS transmission mode, i.e., TM8, TM9 and TM10. MU-MIMO transmission for DM-RS TMs is already supported in Rel-12 with blind detection of potential MU-MIMO interference and E-MMSE-IRC receiver at UE. MU-MIMO enhancement in Rel-13 MUST WI consists of eNB signaling for existence and modulation order of MU-MIMO interference to improve PDSCH demodulation performance in the presence of MU-MIMO interference. RAN1 design for MU-MIMO enhancement can be summarized as
· Enhancement can be applied to MU-MIMO transmission on orthogonal DM-RS ports. In Rel-10 DM-RS design, there is 2 orthogonal DM-RS ports while 4 orthogonal DM-RS ports are supported in Rel-13 DM-RS design. 
· It is assumed that existence and modulation order of interference layer is consistent within the allocated PRBs
· A few assistance bits are added to legacy DCIs, i.e., DCI 2B, DCI 2C and DCI 2D to indicate presence and modulation order of MU-MIMO interference. 
Observation 9. RAN1 design for MU-MIMO enhancement consists of assistance signaling for presence and modulation order of MU-MIMO interference. 
RAN1 design for assistance bits are summarized in table 2. 
Table 2 DCI design for MU-MIMO enhancement

	cases
	DCI bits
	description

	Rel-13-DMRS-table=0
	2
	00: No interference presence

01: MUST interference is present with QPSK

10: MUST interference is present with 16QAM

11: MUST interference is present with 64QAM or 256QAM

	Rel-13-DMRS-table=1

k_max=1
	4
	2 bits : presence and interference DM-RS port
2 bits : modulation order of interference (QPSK, 16QAM, 64QAM, 256QAM)

	Rel-13-DMRS-table=1

k_max=3
	6
	2 bits for each potential interference layer with up to 3 interference layer
00: No interference presence

01: MUST interference is present with QPSK

10: MUST interference is present with 16QAM

11: MUST interference is present with 64QAM or 256QAM


3.2. Performance requirement framework
With the introduction of MU-MIMO enhancement in Rel-13, from UE demodulation point of view, there could be two different MU-MIMO transmission scenario. 
· MU-MIMO transmission without eNB assistance information for presence and modulation order of MU-MIMO interference

· MU-MIMO transmission with eNB assistance information for presence and modulation order of MU-MIMO interference

Since there could be both legacy and new Rel-13 MU-MIMO deployment, UE should be able to handle both scenario with potentially better demodulation performance when eNB provides assistance information. If UE supports Rel-13 MU-MIMO enhancement, this UE should fulfill existing TM9 MU-MIMO demodulation test as well as new TM9 MU-MIMO demodulation.  
Proposal 6. Rel-13 UE that supports MU-MIMO enhancement should also fulfill legacy TM9 MU-MIMO PDSCH demodulation test. 
MU-MIMO demodulation operation for TM8, TM9 and TM10 are supposed to be same. Therefore, it would be sufficient to specify new TM9 MU-MIMO PDSCH demodulation test. 
Proposal 7. RAN4 should specify TM9 PDSCH demodulation test for Rel-13 MU-MIMO enhancement. 
Assistance signaling in DCI can help UE detect presence of MU-MIMO interference and modulation order. Detection of MU-MIMO interference is essential for all potential MU-MIMO interference suppression algorithm in UE. Assistance signaling for MU-MIMO interference presence will relieve UE the burden of MU-MIMO presence detection. However, from performance requirement point of view, there is not much RAN4 can do since baseline TM9 MU-MIMO receiver includes blind detection for MU-MIMO presence. 
On the other hand, assistance signaling for modulation order facilitates the implementation of more advanced receiver algorithm, i.e., R-ML receiver instead of E-MMSE-IRC receiver. As shown in [2], R-ML receiver can provide significantly better demodulation performance than E-MMSE-IRC receiver especially when MU-MIMO interference has QPSK modulation. Assistance signaling for modulation order will allow implementation of R-ML receiver without the burden of modulation order detection for MU-MIMO interference. 
Proposal 8. RAN4 should specify enhanced TM9 MU-MIMO demodulation performance of R-ML receiver with eNB assistance signaling for presence and modulation order of MU-MIMO interference. 
TM9 MU-MIMO transmission is defined for OCC2 DM-RS ports and OCC4 DM-RS ports and RAN1 design for MU-MIMO enhancement covers both type of DM-RS. In order to ensure proper MU-MIMO performance with R-ML receiver for both types of DM-RS, RAN4 should specify tests for both OCC2 DM-RS and OCC4 DM-RS. Similar to existing TM9 MU-MIMO tests, UE that supports OCC4 DM-RS might skip test with OCC2 DM-RS. 
Proposal 9. RAN4 should specify enhanced TM9 MU-MIMO demodulation performance for both OCC2 DM-RS and OCC4 DM-RS. 

4. Conclusions

In this contribution, we provided overview of RAN1 specification for MUST feature and our proposal on performance requirement framework. Our observations and proposals are 

Observation 1. MUST is specified for CRS TMs (TM1, TM2, TM3 and TM4) with up to 2 transmit antenna. 

Observation 2. Joint gray mapping is applied in constellation mapping. 

Observation 3. Following modulation orders are supported for MUST transmission

· QPSK for MUST-far UE + QPSK for MUST-near UE : 16QAM composite constellation

· QPSK for MUST-far UE + 16QAM for MUST-near UE : 64QAM composite constellation

· QPSK for MUST-far UE + 64QAM for MUST-near UE : 256QAM composite constellation
Observation 4. eNB can select one of 3 power allocation options to achieve higher system capacity. 

· { 8/10, 50/58,  264.5/289}  for  QPSK+QPSK
· { 32/42, 144.5/167, 128/138}   for 16QAM+QPSK
· {128/170, 40.5/51, 288/330}   for  64QAM+QPSK
Observation 5. eNB can provide a new RRC parameter PA_MUST to configure TPR for MUST transmission. 

Observation 6. Existence and power ratio of MUST interference is indicated additional 2 bit per layer in DCI. 

Observation 7. PDSCH demodulation for MUST-far UE is transparent to existence of superposition transmission. 
Observation 8. MUST-near UE should consider existence and power allocation of MUST interference when demodulating PDSCH.

Observation 9. RAN1 design for MU-MIMO enhancement consists of assistance signaling for presence and modulation order of MU-MIMO interference. 

Proposal 1. There is no need to specify a new performance requirement for MUST-far UE.

Proposal 2. RAN4 should specify PDSCH demodulation tests for MUST-near UE. 

Proposal 3. PDSCH demodulation test for MUST-near UE should cover following TM and MUST interference combinations. 

· 2 layer PDSCH with rank 2 MUST interference (TM2, TM3, TM4 rank 2)

· 2 layer PDSCH with rank 1 MUST interference (TM4 rank 2)

Proposal 4. PDSCH demodulation test for MUST-near UE should cover following modulation combination.

· QPSK for MUST-near UE and QPSK for MUST-far UE

· 16QAM for MUST-near UE and QPSK for MUST-far UE

· FFS 64QAM for MUST-near UE and QPSK for MUST-far UE depending on Tx EVM enhancement discussion

Proposal 5. PDSCH demodulation test for MUST-near UE should cover different power allocation. RAN4 should consider random power allocation to cover all power allocation without increasing test cases. 

Proposal 6. Rel-13 UE that supports MU-MIMO enhancement should also fulfill legacy TM9 MU-MIMO PDSCH demodulation test. 

Proposal 7. RAN4 should specify TM9 PDSCH demodulation test for Rel-13 MU-MIMO enhancement. 

Proposal 8. RAN4 should specify enhanced TM9 MU-MIMO demodulation performance of R-ML receiver with eNB assistance signaling for presence and modulation order of MU-MIMO interference. 

Proposal 9. RAN4 should specify enhanced TM9 MU-MIMO demodulation performance for both OCC2 DM-RS and OCC4 DM-RS. 
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