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1. Introduction
In RAN1#82 [1], potential PDSCH assistance information for MUST Category 1, 2 and 3 was discussed. Different assistance information is needed for different receiver types and different UE types, including (R-)ML/SLIC/CWIC receiver for near UE, (R-)ML/SLIC/MMSE-IRC receiver for far UE. Also, the assistance information may be obtained by blind detection or by explicit signaling. In this paper, we update our view on design principle for downlink control signaling. 

2. Design Principle of Downlink Control Signaling
Some ideas of NAICS design may be reused for control signaling of MUST. In NAICS, instead of introducing a new transmission mode (TM), RRC signaling serves as an add-on signaling on top of the legacy controls. In MUST, similar principle can be considered, as outlined as follows.

· To make MUST operation transparent to far UE
To facilitate the wide use of MUST, a large number of legacy UEs can be configured as far UEs. This requires that MUST operation would be transparent to far UEs who can demodulate and decode their signals by just only checking the configuration.
· For near UE, blind detection can be considered for some parameters of the interference 
Configuration parameters can be blindly detected by near UEs, or explicitly signaled.
· To support dynamic switching between OMA and MUST
When there is no suitable UE to be paired for MUST, orthogonal resource allocation would be more appropriate. This decision would depend on fast fading of each channel and the interference that can vary at subframe level. Therefore, the switching should be dynamic. 
· To allow different precoders for MUST paired UEs if the underlying TM explicitly supports MU-MIMO
It would cause significant and even un-necessary constraints to the signalling design of MUST, if we too stick to the notion of same precoder. The reason is simple: in real LTE systems, terminals can have different capabilities, i.e., different MIMO features. Yet the number of active users in a cell is not expected to be very large. Forcing the same precoder for MUST would prohibit the natural combination of MUST and MU-MIMO when the user pool is relatively small. Artificially limiting MUST to same precoder would certainly restrict the capacity potential of joint MUST and MU-MIMO. 
If the underlying TM explicitly supports MU-MIMO, different precoders are able to be configured. When the UEs switch to MUST mode from MU-MIMO, different precoders can also be supported. 

· To use separate DCIs for near and far UEs

Near UE and far UE in general would have quite different geometries (i.e., downlink wideband SINR). A common DCI implies higher payload in PDCCH/EPDCCH, compared to the legacy DCIs. If far UE does not require all those control information in the common DCI, there would be significant waste of transmission power of PDCCH or EPDCCH in order to reach far UE with relatively poorer geometry.  And such power wasting (and thus the control channel interference to neighboring cells) may hardly be compensated by the saving of downlink control resources, especially if control channel capacity is not the bottleneck. 

Using separate DCIs for near and far UEs offers much more flexibility in downlink signaling design and the operation. Right now, there are three MUST categories. It would be unrealistic to design the signaling for each separately, which would end up with too many fragmentations of the specification, and the operation. Separating DCIs for near and far UEs would facilitate a common design of all three MUST categories. Support of legacy UEs, in particular if they are scheduled as the far UEs, is possible, which would help to increase the pool size for user pairing. 

· Not to introduce a new DCI for MUST operation，but to redefine DCIs in TS 36.212 for various downlink transmission modes

MUST is a universal PHY layer technology to take advantage of near-far effect often seen in macro cell environment. In this sense, MUST may be considered as a common feature that can generally be applied to various transmission modes specified so far in LTE, and provide extra gain on top of that from antenna technologies. This is different from adding a new transmission mode with enhancement in antenna technology. 

LTE has already defined ~10 transmission modes whose DCI formats are quite different from each other. It would be very difficult to consolidate them into a new DCI format in the context of MUST. This new DCI format would either need to carry very heavy payload, or can only support limited choices of TMs. 

As elaborated earlier, MUST is a technology that can be built on any TM. Therefore, a natural approach would be to redefine some of the fields in legacy DCI formats. This not only reduces the effort in defining a totally new DCI, but also makes it easy to support the legacy UEs when they are scheduled as far UEs. There is some precedence in NACIS on this front, which may be considered for MUST as well.

3. Assistance Information for near UE receiver 
· Assistance information obtained via blind detection
·  Transmission mode (TM)
Users of different TMs may be paired in MUST, including the combination of TM2+TM4, TM4+TM4, TM4+TM9. Regarding to whether CRS based TM and DMRS based TM can be paired, our preference is not to support this configuration. The reasons is that the UE with CRS based TM is not aware of the existence of DMRS. There is potential interference between PDSCH and DMRS. For near UE with CRS based TM, DMRS for the far UE may be blind detected in order to demodulate the interference on the PDSCH. However, the failure of blind detection is much more serious than NAICS as it may lead to wrong PDSCH RE mapping and failure of interference cancellation which likely leads to total loss of the packet.
In order to simplify the signaling design and receiver implementation, the combination of TMs would be limited to only CRS based + CRS based, or DMRS based + DMRS based. Blind detection is possible to get the transmission mode information.
· DMRS information
DMRS ports (port 7 and 8) can be blindly detected.
·  PMI

The information of PMI is not needed regardless whether the same or different PMIs are used. If different PMIs are used in paired UEs, it is assumed the underlying TM explicitly supports MU-MIMO. 
· Modulation order (MOD)
If separate DMRS port allocation is used, the far UE can support higher modulation as SINR can be estimated by the separate DMRS port.

If same DMRS port allocation is used, limiting the far UE to QPSK modulation is considered in order to make MUST operation transparent to far UE..

If the modulation type is limited to QPSK or 16QAM, blind detection may be feasible.
·  Transmission power allocation
If separate DMRS port allocation is used, e.g. port 7 for far UE, port 8 for near UE, the information of transmission power allocation is not needed, because the UEs can derive the PDSCH power ratio from the DMRS ports. Channel estimation of a far UE cannot use the full power if it is transparent to the far UE.
If same DMRS port allocation is used, e.g. port 7 for both far UE and near UE, PDSCH power ratio cannot be derived from DMRS ports. Blindly detection or additional signaling may be considered. Channel estimation of the far UE can use the full power.
When the number of power ratios is small, e.g. equals to 4 or 2, it is possible to blindly detect the power allocation. As the number of power ratios decreases, the performance degradation needs to be evaluated.
· Assistance information via explicit signaling 
If it is not suitable or too complicated to carry out blind detection, dynamic signaling becomes needed. The signaling below is common for MUST Category 1, 2 and 3.
There are additional two kinds of explicit signalling just for Category 1, and 2.

· Transmission power allocation
Both MUST Category 1 and Category 2 support flexible power partition between near and far UEs, so that scheduler has more choices to optimize the MUST system performance. If the performance degrade for few number of power ratios are available, certain amount of bits is needed for the signaling.
· MOD
MOD is only needed when far UE supports 16QAM, 64QAM modulation.
There are additional two kinds of explicit signalling just for Category 3.
·  Modulation order of composite constellation
·  Bit allocation information of composite constellation
For codeword level interference cancellation (CW-IC) receiver, additional information for specific UE’s scheduling may be needed as follows, which are always more useful for MUST Category 1. 

· TBS/MCS
MCS is needed for appropriate demodulation. Since far UE generally would not be served with high speed data, certain restriction can be considered for MCS indication, in order to save the overhead.

· HARQ process number
· NDI
· RV

· Label-bit assignment

· LBRM (Limited Buffer Rate Matching) assumption of MUST  paired UE 

· Parameters for descrambling and CRC checking for the PDSCH of the MUST paired user
· C-RNTI of paired UE
· Aligned resource allocation
In a word, more signaling is needed for MUST Category 1 than other two categories, and some of the assistance information needed for category 2 may be blindly detected.
4. Conclusions

In this contribution, we discussed downlink control design principle. The design principle can be outlined as:
· Try to make the far UE transparent to MUST 

· For near UE, blindly detecting some of the parameters of the interference need to be considered
· To support dynamic switching between OMA and MUST"
· To support different precoders for MUST paired UEs if the underlying TM explicitly supports MU-MIMO
· To use separate DCIs for near and far UEs

· Not to introduce a new DCI for MUST operation，but to redefine DCIs in TS 36.212 for various downlink transmission modes 
Blind detection for TM/PMI/MOD/ Transmission power allocation was analyzed, and explicit signaling based on the design principle was discussed. Two kinds of DMRS port allocation were also discussed. 
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