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1
Introduction
In RAN1 #85, it was agreed 

· For Case 1 and 2 described in MUST WID, Far UE’s modulation order is limited to QPSK when it is co-scheduled with near UE in a given subframe.

· For MUST Case 1 and Case 2, multiple power ratios are supported at least for some combinations of MUST-near UE and MUST-far UE modulation orders 

· MUST Case 1 and Case 2 using up to 2Tx is supported in the following TMs

· TM 2/3/4

· A UE is signalled by RRC if it is to be configured for potential MUST operation

· At least one new DCI is to be monitored by a UE once configured into MUST operation

· For MUST case 1/case 2/case 3, dynamic switching between MUST and non-MUST operation is supported

· Maximum number of spatial layers for MUST 

· For MUST case 1 and case 2, up to 2 spatial layers for each UE are used.

· For MUST case 3, the maximum number of spatial layers for a UE should be limited, with details FFS.

In this paper, we propose some details for the signaling mechanism to support MUST operation.
2
Discussion
Under the current agreement, for case 1 and case 2, there are more restrictions on which UEs can be paired, such as the MUST-far UE is always QPSK, and the operation is restricted to 2 CRS case, etc. For case 3, on the other hand, most of the design is still FFS. However, if more antenna ports are expected to be supported and different precoders can be used to serve different UEs, we can expect the side information needed for the UEs to properly work will increase. 
In this paper, we propose two types of companion DCIs. 

· Group companion DCI
· Unicast companion DCI 

The group companion DCI broadcasts MUST-far UE information to all UEs, thus can be shared by multiple MUST-near UEs. The unicast companion DCI is for a specific MUST-near UE and describes the co-scheduling information needed for the MUST-near UE to properly process the co-scheduled signal. Naturally, the group companion DCI design is better for case 1 and case 2 where there is limited amount of co-schedule UE information, while the unicast companion DCI better fits case 3, where more co-schedule UE information is needed.

2.1
Group companion DCI 

For group companion DCI design description, we focus on case 1 and case 2. For case 3, similar design is possible with potentially larger payload size.
Under the current agreement from RAN1 #85, for case 1 and case 2, we are restricted to 
· 2 CRS port only case

· Same precoder for MUST-far and MUST-near UE 
· QPSK for MUST-far UE only

· Multiple power ratio to be supported for each modulation order pair

However, to allow flexibility to pair UEs, in [1], we proposed to allow RB allocations of MUST-far and MUST-near UEs to be potentially different. In other words, for each MUST-near UE, it may overlap with different MUST-far UEs in different RBs, and it is even possible that in some RBs, the MUST-near UE is not sharing with a MUST-far UE. Under this scenario, blind detection of the existence, PMI, and RI of a MUST-far UE is not only computationally expensive, but also not reliable, as the blind detection has to be per RB or RBG, instead of over the entire RB allocation of the MUST-near UE. 
To avoid blind detection, signalling can be used to inform the MUST-near UE of MUST-far UE information. There are many ways to provide the signalling. A simple design is to include the MUST-far UE information in the DCI of the MUST-near UE. However, this design works better if we can restrict the MUST-far UE and MUST-near UE RA to be fully aligned, or at least, we can restrict the MUST-near UE RA is a subset of the MUST-far UE. In this case, we do not need to include the RA of MUST-far UE in the MUST-near UE DCI, and the MUST-near UE DCI length increase is limited to RI and PMI. But if we want more flexible RA allocation, the simples design does not work well, in the sense that RA of MUST-far UE needs to be included in the MUST-near UE DCI, which implies a much longer DCI format. If the MUSE-near UE is overlapping with more than one MUST-far UE, multiple RA/RI/PMI fields need to be included and the DCI is even longer.
To solve this problem, we propose a group companion DCI design. The group companion DCI carries all MUST-far UE information, including RA/RI/PMI, is transmitted in the common search space, and is scrambled with a group companion DCI RNTI. When a UE is RRC configured to work as MUST-near UE, it will attempt to decode group companion DCI to identify any MUST-far UE co-scheduled in the RBs allocated to itself. If there is no group companion DCI detected, the MUST-far UE will interpret this grant as not in the MUST mode. As a result of this design, for MUST-near UE, the DCI does not need to be changed from the legacy format.
Proposal 1. Use group companion DCI to carry all MUST-far UE information, and a MUST-near UE will compare the RA in the group companion DCI with its own RA to figure out how each spatial layer is shared in each RB.

Observation 1. The legacy DCI format still works for MUST-near UE without any change.
For the detection of the group companion DCI, we have two options:

· Option 1: Put the group companion DCI in the common search space with a known group companion DCI RNTI. 
· Option 2: Use the group companion DCI RNTI to define a new set of blind decoding candidates in the UE specific search space. 
For option 1, if the group companion DCI payload size is designed to be the same as DCI format 1A by zero padding, the UE does not need to perform any extra blind decoding to detect the DCI. However, this will eat into the resource for common search space. For CA case, only PCC has common search space. Restrict the DCI to common search space may easily exhaust the common search space dimension.

For option 2, the group companion DCI is located in the UE specific search space hashed from the group companion DCI RNTI, so it is easier to schedule the transmission, as there is less restriction on the location. In addition, the design of the DCI format does not need to follow the same DCI length as the legacy DCI. The cost to pay is UE needs to perform more blind decodings to pick it up. To reduce the number of blind decoding to detect group companion DCI, it is possible to reduce the number of decoding candidates for each aggregation level. 

From the above discussions, it is obvious that the option 2 is better.

Proposal 2. Use the group companion DCI RNTI to define a new set of blind decoding candidates in the UE specific search space. The decoding candidate set for this search space can be reduced from a normal UE specific search space.
To deal with the case that multiple MUST-far UEs are served in the same subframe with different parameters, the group companion DCI can contain multiple record. In each record, the following fields are included:
· RB allocation

· TM/RI/PMI index
· Power ratio index

For RB allocation, existing RB allocation formats can be used. For TM/RI/PMI, consider we consider up to 2 CRS ports under TM2/3/4 case only, this field can be jointly encoded to cover the following combinations:

· TM2 or TM3 with rank 1
· TM3 rank 2
· TM4 rank 1 with 4 possible PMI values – 4 combinations totally
· TM4 rank 2 with 2 possible PMI values – 2 combinations totally
The above has 8 combinations and needs 3 bits

If UE-RS is to be supported, we can further add two more combinations

· TM8 with rank 1

· TM8 with rank 2

Note that for UERS case, we actually do not need to distinguish different PMIs in the record.
Each record may cover multiple MUST-far UE assignments, as long as the format (TM/RI/PMI field) is the same.
Proposal 3. Each group companion DCI contains one or more record, with each record defines a set of RBs with certain TM/RI/PMI combinations, which may cover multiple MUST-far UE assignment with the same parameters.
Since multiple power ratios are supported for each modulation order pair, we need to include in each record in the group companion DCI a field to indicate the power ratio to be used. Since we support the case that one MUST-far UE being paired with multiple MUST-near UEs on different set of RBs, potentially with different modulation order, it will be more convenient to, instead of including the exact power ratio in the record, include a power ratio index field, such that the MUST-near UE can interpret to a power ratio using its own modulation order information. Of course, such design will imply some restrictions on power ratio selection. For example, if the same record covers two different MUST-near UE assignments, since we only have single power ratio index field in the record, we cannot select the power ratios of the two MUST-near UEs separately. However, we can always split the record into two separate records, each with its own power ratio index.
Proposal 4. Each group companion DCI record contains a power ratio index field to indicate the MUST-near UE modulation order dependent power ratio.
The group companion DCI design also works for the case that the MUST-near UE and MUST-far UE are of different TTI length. For example, the MUST-far UE can be of 1ms TTI length and the MUST-near UE can be of 2-symbol sTTI length. 
Observation 2. The group companion DCI design also works for the case the MUST-near UE and MUST-far UE are of different TTI length.
The group companion DCI may also include some other information:
· Starting and ending symbol of the MUST-far UE assignment: This will be useful for cross channel grant when the starting symbol is unknown.
2.2
Unicast companion DCI
For case 3, when more antenna ports are expected to be supported and different precoders can be used to serve different UEs, we can expect the side information needed for the UEs to properly work will increase. Then it is likely a unicast approach to deliver the co-scheduled UE PDSCH information to the target UE is more efficient.

To support flexible pairing, which is necessary to achieve MUST gain, and limit the receiver complexity, we believe the following requirements are reasonable:
· Use (E)PDCCH to provide dynamic pairing information, instead of RRC signalling which is too slow and hard to change.
· The number of blind (E)PDCCH decodes should not increase.
· MU-MIMO is a special case of case 3, where the UEs are using orthogonal precoding matrices. Even though with MMSE receiver, information about spatial layers used by other UEs are not needed if DMRS is properly configured, with CRS or with RML receiver, the performance can be improved with other spatial layer knowledge. It is preferred the signalling design can cover this case as well.

The PDSCH parameters we need to send to the MUST-near UE include: RB assignment, transmission mode, modulation order, rank/PMI (or spatial layer usage information), etc. If the MUST-near UE is performing CWIS instead of RML or SLIC, it may also need RNTI, MCS and rvid information. 
Proposal 5. Use unicast (E)PDCCH to send co-schedule UE(s) PDSCH parameters to target UE to assist demod and cancellation.
There are multiple ways to design the mechanism to pass the MUST-far UE PDSCH parameters to MUST-near UE.
One option is to let the MUST-near UE to detect the MUST-far UE DCI. Since MUST-near UE typically has higher geometry than the MUST-far UE, decoding MUST-far UE DCI will not be a problem, if the MUST-far UE RNTI is known. This actually is the most efficient way of deliver the MUST-far UE PDSCH parameters information, as there is no duplicated transmission. This design also requires more (E)PDCCH blind decoding, as the UE needs to monitor its own search space, and the MUST-far UE search space. If there are more candidate UE to be paired with, each of the candidate UE’s search space needs to be monitored. The blind decoding number can be reduced if the self DCI contains an indicator to tell the MUST-near UE which MUST-far UE RNTI to monitor. However, this will lead to some processing delay, as the MUST-far UE (E)PDCCH decoding can only start after the MUST-near UE DCI  is decoded and the MUST-far UE RNTI is identified. Note that the MUST-far UE DCI may not contain all the PDSCH parameters needed for MUST-near UE, such as transmission mode, TPR, etc. RRC signalling is needed to provide the MUST-near UE a list of candidate MUST-far UEs, together with their PDSCH parameters not included in the MUST-far UE DCI.
Another option is to add the MUST-far UE PDSCH parameters in the MUST-near UE DCI. As a result, the MUST-near UE DCI will be approximately double the size of the DCI format when the UE is being served in single user fashion. This approach solves many problems of the previous approach. Now there is no need to maintain a candidate MUST-far UE list, and all necessary parameters can be included, without relying on RRC signalling. However, the additional larger DCI size, on top of the single user DCI size, implies that the UE needs to perform more (E)PDCCH blind decoding.
To solve the problem of the above option, we propose to send two grants the MUST-near UE, a self-grant and a companion grant. 
The self-grant contains the information about the MUST-near UE PDSCH. When the UE is RRC configured to work in MUST mode, it can be served in either in MUST mode as an MUST-near UE, or served in single user mode. In either case, the grant comes in the self-grant. The self-grant is using a DCI format basically the same as the DCI the UE will be using when it is not in MUST mode. There is only one extra field to indicate if there is a companion grant in the same subframe or not and some information on where the companion grant is located.
The companion grant provides the MUST-near UE the information about the MUST-far UE PDSCH. It is designed to use a DCI with the same length as the self DCI, and it is located in the same search space as the self-grant. It has the same or higher AL than the self-grant. In this way, the UE will not need any additional decoding for the companion grant, as it is already covered in one of the blind decodings.
The information carried by the companion grant include the PDSCH related parameters in the MUST-far UE grant, including RB allocation, MCS, antenna port usage, PMI, rvid, etc. Some PDSCH related parameters are not needed, such as HARQ process ID, NDI, DAI, etc. Some non-PDSCH related fields are not needed as well, such as TPC, SRS request, etc. In addition to these parameters in the MUST-far UE grant, some RRC configured parameters to MUST-far UE need to be included as well, such as TPR of the MUST-far UE, starting symbol and ending symbol of the MUST-far transmission (say if there is cross carrier scheduling), MCS table type (original table or table 2 with 256QAM support). 
To avoid increasing the number of (E)PDCCH blind decodings, the companion DCI is design to have the same length as the self DCI and falls in the same search space. To make sure the companion DCI has the same length as self DCI, we can either zero padding or use a separate CRC field to improve the reliability. The self-grant will contain a companion grant information field to indicate the location of the companion grant within the search space. After decoding the self-grant, the MUST-near UE will know if there is a companion grant and where the companion grant is. The companion grant information field can contain 1 or a few bits. For example, if one bit is used, 0 means there is no companion grant, and the UE is being served in single user fashion, and 1 means there is a companion grant, and the companion grant location is fixed relative to the self-grant. For example, we can always put the companion grant as the next same aggregation level decoding candidate after the self-grant in the search space. Another example is two bits are used, where

· 00: no companion DCI and the UE is being served with single user PDSCH

· 01: companion DCI at same AL, and a first predetermined decoding candidate

· 10: companion DCI at same AL, and a second predetermined decoding candidate

· 11: companion DCI at the next higher AL, and a first predetermined decoding candidate

With more bits used for this field, there will be more flexibility for the scheduler to fill the companion grant. The cost is slightly longer DCI length.

Since the companion DCI is at a known location after self DCI is decoded, we do not need to scramble the CRS with C-RNTI to identify the DCI for the UE. Instead, we can use a reserved RNTI (companion RNTI) to scramble the CRC so other UE will not claim this DCI. The CRC scrambling for companion is shown in Figure 1.
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Figure 1. CRC field generation for companion grant
When there is only one co-scheduled UE, since we will need the length of companion DCI to be the same as self DCI, the companion DCI may carry more information, instead of zero padding. In this case, we can add in more information about the co-scheduled UE for free, including MCS and rvid. The co-scheduled UE’s RNTI can be included in the companion DCI as the CRC scrambling RNTI. This process is illustrated in Figure 2.
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Figure 2. CRC field generation for companion grant with single co-scheduled UE
The payload of the companion DCI provides information about the co-scheduled UEs. In general, multiple co-scheduled UEs can be supported. We can put multiple records in the companion DCI, with each record corresponds to one co-scheduled UE. However, this only works if each record is small enough (not many bits needed) so multiple records can be packed in the limited companion DCI payload size. When the record size is larger and we cannot put multiple record in the companion DCI, some compression is needed. This can be done if we have some scheduler restriction such that the co-scheduled UEs have many parameters in common. In the extreme case, the companion DCI can be formed as if all co-scheduled UEs are described as a single DCI.
Observation 3. The self DCI + companion DCI has the following properties:

· The self DCI length is only slightly larger than the DCI length when the UE is not in MUST mode. There is essentially no extra control overhead if the UE is served in single user fashion when configured in MUST mode.

· The companion DCI falls in the same search space as the self DCI and has the same length. As a result, there will be no extra (E)PDCCH blind decoding needed.
· The padding in the companion DCI can use another CRC field to improve the reliability of decoding, instead of zero padding.

· Multiple co-scheduled UEs can be supported with companion DCI, though in some cases, some scheduler restrictions are needed to efficiently compress the co-scheduled UE PDSCH information to be carried in the companion DCI payload.
· When there is only one co-scheduled UE, the companion DCI has enough space to provide extra information to support CWIC, including the MCS, rvid, RNTI, etc.
Proposal 6. Consider supporting the self-grant plus companion grant structure for case 3 MUST-near UE.

3
Conclusions 
Based on the discussion presented in the paper, we outlined specific issues that need to be considered for MUST operation. We have the following observations and proposals for group companion DCI:
Proposal 1. Use group companion DCI to carry all MUST-far UE information, and a MUST-near UE will compare the RA in the group companion DCI with its own RA to figure out how each spatial layer is shared in each RB.
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Observation 1. The legacy DCI format still works for MUST-near UE without any change.

Proposal 2. Use the group companion DCI RNTI to define a new set of blind decoding candidates in the UE specific search space. The decoding candidate set for this search space can be reduced from a normal UE specific search space.

Proposal 3. Each group companion DCI contains one or more record, with each record defines a set of RBs with certain TM/RI/PMI combinations, which may cover multiple MUST-far UE assignment with the same parameters.
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Proposal 4. Each group companion DCI record contains a power ratio index field to indicate the MUST-near UE modulation order dependent power ratio.
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Observation 2. The group companion DCI design also works for the case the MUST-near UE and MUST-far UE are of different TTI length.

We have the following observations and proposals for unicast companion DCI:

Observation 3. The self DCI + companion DCI has the following properties:

· The self DCI length is only slightly larger than the DCI length when the UE is not in MUST mode. There is essentially no extra control overhead if the UE is served in single user fashion when configured in MUST mode.

· The companion DCI falls in the same search space as the self DCI and has the same length. As a result, there will be no extra (E)PDCCH blind decoding needed.
· The padding in the companion DCI can use another CRC field to improve the reliability of decoding, instead of zero padding.

· Multiple co-scheduled UEs can be supported with companion DCI, though in some cases, some scheduler restrictions are needed to efficiently compress the co-scheduled UE PDSCH information to be carried in the companion DCI payload.
· When there is only one co-scheduled UE, the companion DCI has enough space to provide extra information to support CWIC, including the MCS, rvid, RNTI, etc.


Proposal 5. Use unicast (E)PDCCH to send co-schedule UE(s) PDSCH parameters to target UE to assist demod and cancellation.
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Proposal 6. Consider supporting the self-grant plus companion grant structure for case 3 MUST-near UE.



4


References 

[1]
R1-164434, “Superposition transmissions for MUST”, Qualcomm, RAN1 #85.
PAGE  
7/7

_1524591811.vsd
�

�

�

�

�

�

�

�

�

￼ - ￼�

�

￼�

XOR�

Companion grant payload


Padding


CRC


Companion RNTI


CRC field



_1524591833.vsd
�

�

�

�

�

�

�

�

�

￼ - ￼�

�

￼�

XOR�

Companion grant payload


Padding


CRC


BL UE RNTI


01010101
01010101


CRC field



