3GPP TSG-RAN WG1 Meeting #82bis                                                               R1-155893
Malmö, Sweden, 5th – 9th October 2015
Agenda item:

7.2.7.3
Source:
Nokia Networks
Title:
Discussion on the DL superposed transmissions schemes 
Document for:

Discussion and Decision
1
Introduction

In previous RAN1 meetings, three main categories of MUST schemes have been agreed: 
· MUST Category 1: Superposition transmission with adaptive power ratio on component constellations and non-Gray-mapped composite constellation

· MUST Category 2: Superposition transmission with adaptive power ratio on component constellations and Gray-mapped composite constellation

· MUST Category 3: Superposition transmission with label-bit assignment on composite constellation and Gray-mapped composite constellation

In this paper we investigate further the applicability of these schemes.
2 
Superposition schemes
The superposition techniques categorized above, referred in the following as MUST#1, MUST#2 and MUST#3, have a lot of similarities as well as differences. Difference between MUST#1 and MUST#2 lies in mapping of bits to the symbols, where later one guarantees that super-constellation created by amplitude-weighted superposition of two constellations will be Gray-labelled. In previous contributions [2], [3] we have shown by link level results the benefit of Gray labelling. This observation has been widely confirmed by the majority of contributions on the topic in RAN1#82. Moreover, it has been also shown that MUST link performance of CWIC is similar to the RML performance when Gray labelled transmission is performed.

The main differences between the MUST schemes rely at least on: power utilization (the need for power multiple power offsets for the MUST pairs), Gray labelling utilization, bit split utilization. All these have to be placed in the context of both transmitter and receiver operation. In other words we have to account for the transmitter implementation changes as well as for the receiver complexity. In addition to these, one needs to integrate the MUST feature into the system operation from the perspective of scheduling flexibility, that is from the practical usability of superposing multiple UEs. We further try to perform an analysis of the MUST schemes in the light of the above design constraints.
2.1 Transmitter flexibility

All the MUST schemes are certainly requiring a careful scheduler implementation, in this subsection we address the issues of performing new changes to the transmitter implementation. The schemes based only on power ratio (MUST#1) are requiring no additional implementation blocks and hence may reuse the legacy LTE implementation by processing two separately-coded layers as rank-2 transmission with two differently power-scaled versions of a single PMI. This is not the case of Gray labelling based schemes (MUST#2) which needs an extra logic [4], like for example using constellation flipping which can be performed by XNOR additional logical elements. In addition, with Gray-labelling MUST#2 the symbol generation needs to be done jointly. In case of MUST #3, the signal may be processed as a single-layer and symbol generation needs to be done jointly. From the PDSCH-to-CRS PA power perspective, the far and near UE would be able to utilize different PAs. However in the process of MUST scheduling, because of the joint power optimization, the same PA would be utilized. 
Observation 1: Gray labelling (MUST#2 and MUST#3) requires additional eNB implementation.
2.2 Receiver utilization

The receiver choice has a twofold impact: 1. it directly affects the UE complexity, 2. it influences the scheduler implementation and signalling needs. Several receiver choices are currently considered: RML, SLIC and CWIC. To some extent all these receiver choices have been validated in Release 12, NAICS considering RML and SLIC while enhanced SU MIMO performance considering RML and CWIC. However, we note that the CWIC utilization has been considered only in SU-MIMO operation where no additional signalling is needed, neither the scheduler flexibility is affected. 
In [3] we have shown that superposing mixed modes is possible when considering CWIC receiver while in the case of same transmission beams, Gray labelling and RML has been also shown as a promising candidate. The situation of pairing mixed modes implies that the single-layer-RML utilization is not possible due to the beam restriction, however multi-layer RML or SLIC (considered in NAICS) are potential options. 

Observation 2: RML receiver facilitates network scheduler flexibility and requires Gray labelling.
The MUST schemes seem to bring no particular impact on the receiver choice, provided that far UE transmission characteristics are obtained by either signaling or blind detection. We note though that MUST#1 performance has been shown better with CWIC receiver as single layer RML does not perform well without Gray labelling.
Observation 3: MUST#1 requires CWIC receiver as single layer RML does not perform well without Gray labelling.

2.2.1 Acquiring the parameters of the far UE transmission and signalling needs
Depending on the receiver choice, the UE needs to acquire different transmission parametrizations of the paired PDSCH. Following the Release 12 NAICS specification, it is expected that the blind detection mechanisms are to be reused and in fact even further enhanced. We note that the interference conditions of MUST are rather different than NAICS in the sense that while in NAICS there were cell edge operation conditions and hence sometimes with poor hearability of each other’s transmissions, in MUST the far UE is expected to be scheduled with several dB more  than the near UE. Therefore, the blind detection conditions are greatly improved, compared at least with the high INR conditions of NAICS. From NAICS we have learned that strong dominant interferer and low AWGN are the most favourable conditions for blind detection. Further analysis in shown in [5]. As a result, it is expected that the following RAN4-endorsed blind detection capabilities would be reutilized in MUST: transmission scheme of far UE, modulation order, presence of interference, PMI (if different transmission schemes or paired PMI), rank. The power levels utilization needs to be further discussed, as the power offset if known to the near UE it is then implicitly known for the far UE if PA is same for both UEs. On the other side, a joint blind detection of PA and power offset may be performed. 
In order to support the 4Tx operation with mixed modes transmission, the blind detection of PMI with the aid of codebook subset restriction should be considered this being beneficial for MUST and it may be seen as a NAICS enhancement as well. 
Observation 4: The Release 12 NAICS blind detection is expected to be reutilized and further enhanced.

2.3 Transmission mode support

The support of mixed modes transmission has been agreed during the previous meeting. The importance of mixed transmission schemes is rather straight forward in a deployment where several transmission schemes are used in an eNB with the exact purpose of providing reliable transmission for cell edge and cell center UEs. From our perspective, the pairing of a near UE configured with closed loop with a far UE configured in open loop mode should be considered carefully in the remaining time of this study. As we have pointed in section 3.2, different receiver structures may handle single layer or multi-layer MUST.

Observation 5: The support of different TM MUST boils down to the choice of single or multi-layer MUST receiver.
2.4 Support for legacy UEs

The possibility to pair the legacy UEs as far UEs would increase the applicability of the MUST feature. However to allow such operation, the legacy UEs would obviously have no indication of the MUST pairing, that is this operation happens in a transparent way. The power offsets used by the eNB are needed at the far UE receiver, except if QPSK is used. For other modulation types, the utilization of PA might be one way to convey the power offset information to the UE in CRS based modes. However, the restricted PA values do not match to implicit power scaling of MUST#3. From the current set of PA {-6, -4.77, -3, -1.77, 0, 1, 2, 3} dB only -1.77dB seems to be a MUST candidate, however would mean around 0.665 power allocation on linear scale to far UE which may lead to overlapping constellation. Hence reutilization of PA does not seem after all a too good solution. In the DM-RS based transmission modes, the PA is not required. Instead, the UE needs to receiver ports with correct power scaling. Another choice for supporting legacy UEs by more MUST schemes is to consider to the far UE only QPSK. In this case the power offset signaling is not needed. This should not be seen as a network restriction but rather as a scheduler choice: when legacy UE is served anyway in QPSK, MUST pairing may be performed.
Observation 6: Utilization of QPSK for the far UE seems the only viable choice to support legacy UEs in MUST. 
2.5 Scheduling flexibility vs. signalling constraints

Scheduling flexibility operation is something which needs to be preserved, this being the case also in NAICS where ultimately blind detection happens with per PRB-pair granularity. Scheduling operation is tightly linked with the signalling provided to the near UE. The receiver choice is obviously influencing such signalling, even if the blind detection is utilized, parameters like MCS, RV or RNTI, needed by CWIC receiver, need to be signalled and this is rather difficult to happen in a frequency selective manner. This comes as no surprise as in NAICS the CWIC receiver has been found unfeasible exactly from this signalling needs perspective. 
Observation 7: CWIC receiver cannot be assisted with signaling in frequency selective manner.

If RML receiver is used for MUST#2 and MUST#3, the scheduler flexibility becomes friendlier while also the signalling needs are smaller.
Observation 8: RML facilitates better scheduling flexibility and lower signalling needs.

3
Discussion
All of the points presented in the previous section are summarized in Table 1. We note that these pros/cons needs to be further factorized with the system performance gains.

Table 1: MUST schemes and their applicability

	
	Transmitter implementation
	Receiver utilization
	Transmission mode support
	Legacy  UEs friendliness
	Scheduling flexibility vs signaling constraints

	MUST#1
	Not needed
	CWICObs3, 4
	Depends on receiver choice Obs1
	QPSK based far UE Obs6
	Poor Obs7

	MUST#2
	Needed Obs1
	RMLObs2, 4
	Depends on receiver choice Obs1
	QPSK based far UE Obs6
	Good Obs8

	MUST#3
	Needed Obs1
	RML Obs2, 4
	Depends on receiver choice Obs1
	QPSK based far UE Obs6
	Good Obs8


4
Conclusions

In this contribution we have been presenting views with respect to the superposed transmission. The following observations can be summarized while also in Table 1 all the conclusions are mapped per MUST scheme.
Observation 1: Gray labelling (MUST#2 and MUST#3) requires additional eNB implementation.
Observation 2: RML receiver facilitates network scheduler flexibility and requires Gray labelling.

Observation 3: MUST#1 requires CWIC receiver as single layer RML does not perform well without Gray labelling.

Observation 4: The Release 12 NAICS blind detection is expected to be reutilized and further enhanced.

Observation 5: The support of different TM MUST boils down to the choice of single or multi-layer MUST receiver.
Observation 6: Utilization of QPSK for the far UE seems the only viable choice to support legacy UEs in MUST. 
Observation 7: CWIC receiver cannot be assisted with signaling in frequency selective manner.

Observation 8: RML facilitates better scheduling flexibility and lower signalling needs.

Proposal: Capture in the TR observations on the MUST classification along the ones from Table 1.
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