Page 1

3GPP TSG RAN WG1 #84b
R1-163046
April 11th – 15th, 2016
Busan, Korea
Agenda item:
7.3.4.2
Source: 
Qualcomm Incorporated
Title: 
Mechanisms for efficient operation for MUST
Document for:
Discussion and Decision
1
Introduction
In [1], we proposed to have a single general signaling design to handle UE pairing with the support of mixing same or different transmission schemes used for the BL and EL UEs. In this paper, we provide some detail of one such design.
2
Discussion
From previous study, it is a common understanding that to achieve system MUST gain, it is critical to be able to find good UE MUST pairing frequently. In [1], we suggested some requirements provide eNB with enough flexibility to find good pairings. The requirements include:

· Legacy UE can be served as BL UE. MUST capable UE can be served as BL or EL UE. Even if a MUST capable UE is configured to work in MUST mode, it should be able to be served in single user fashion as well.

· Reasonably dynamic pairing be supported, and restriction to pair UEs needs to be kept to minimum to allow maximum usage of MUST.

· Do not restrict the BL and EL UEs to have the same RB assignment. The RB assignments can be partially overlapping. Allows a BL UE to be paired with more than one EL UEs. May want to avoid EL UE to be paired with more than one BL UEs.
· Enable UEs with different transmission schemes to be paired

Blind detection can detect some BL UE PDSCH parameters, but certainly not all parameters and likely not reliable enough for EL UE to efficiently cancel the BL UE signal. Then we will need signalling to provide BL UE PDSCH information to EL UE. Since we allow dynamic pairing, we will need to send these parameters through (E)(E)PDCCH. The PDSCH parameters include: RB assignment, transmission mode, MCS, rank, PMI, rvid, etc. Note that if the ELUE is performing SLIC instead of CWIC, it may not need all the parameters. However, it will be hard for eNB to know ahead of time which receiver structure the UE is using. For example, even though a UE has the capability to perform CWIC, it may choose to use simpler SLIC receiver for power saving purpose.
Proposal 1. Use (E)PDCCH to send BL UE PDSCH parameters to EL UE to assist cancellation.
Proposal 2. The BL UE PDSCH parameters provided to EL UE need to be able to support CWIC. The UE can make its own choice on the receiver structure to use.

There are multiple ways to design the mechanism to pass the BL UE PDSCH parameters to EL UE.
One option is to let the EL UE to detect the BL UE DCI. Since EL UE typically has higher geometry than the BL UE, decoding BL UE DCI will not be a problem, if the BL UE RNTI is known. This actually is the most efficient way of deliver the BL 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 BL 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 EL UE which BL UE RNTI to monitor. However, this will lead to some processing delay, as the BL UE (E)PDCCH decoding can only start after the EL UE DCI  is decoded and the BL UE RNTI is identified. Note that the BL UE DCI may not contain all the PDSCH parameters needed for EL UE, such as transmission mode, TPR, etc. RRC signalling is needed to provide the EL UE a list of candidate BL UEs, together with their PDSCH parameters not included in the BL UE DCI.
Another option is to add the BL UE PDSCH parameters in the EL UE DCI. As a result, the EL 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 BL 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 can send two grants the EL UE, a self-grant and a companion grant. 
The self-grant contains the information about the EL UE PDSCH. When the UE is RRC configured to work in EL UE mode, it can be served in either in MUST mode as an EL 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 EL UE the information about the BL 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 BL 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 BL UE grant, some RRC configured parameters to BL UE need to be included as well, such as TPR of the BL UE, starting symbol of the BL transmission (if there is cross carrier scheduling), MCS table type (original table or table 2 with 256QAM support). 
BL UE RNTI needs to be included in the companion DCI as well. However, we may not want to pay the price for including this 16 bits field. Instead, we can use the BL UE RNTI to scramble the CRC of the companion DCI, with an additional fixed scramble such as ‘0101010101010101’. The additional scramble is to make sure the BL UE will not detect this companion grant as its own grant, if the search space of the BL UE covers the location of the companion grant to the EL UE. This process is illustrated in Figure 1.
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Figure 1. CRC field generation for companion grant
At the EL UE, the self-grant will contain a companion grant information field to indicate the location of the companion grant. Then after decoding the self-grant, the EL UE will know where the companion grant is, and can recover the BL UE RNTI by descrambling the CRC field with the fixed scramble pattern and the computed CRC. 

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 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 size.
Proposal 3. Consider supporting the self-grant plus companion grant structure for EL 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 proposals.
Proposal 1. Use (E)PDCCH to send BL UE PDSCH parameters to EL UE to assist cancellation.
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Proposal 2. The BL UE PDSCH parameters provided to EL UE need to be able to support CWIC. The UE can make its own choice on the receiver structure to use.
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Proposal 3. Consider supporting the self-grant plus companion grant structure for EL UE.
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