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From previous RAN1 meeting in 2017 [1] [2], the following discussions were made
	Agreement:
· Base graph #1 is used for the initial transmission and subsequent re-transmissions of the same TB when
· CBS > X or code rate of the initial transmission > Y
· Base graph #2 is used for the initial transmission and subsequent re-transmissions of the same TB when
· CBS <= X and code rate of the initial transmission <= Y
· Working assumption : X = 2560 and Y = 0.67
· FFS after PCM decisions if X can be extended to 3840 and/or Y can be extended to 0.75
To be checked how the receiver knows in each case the code rate of the initial transmission, and how exactly it is defined. 
FFS whether some UE capabilities may be possible that do not require the implementation of both base graphs. 

Agreement: 
For block lengths K≤308:
· BG2 is used for all code rates
Agreement: 
· TBSs are byte-aligned
Question: How to determine the BG of the initial transmission, including when segmentation with BG2 is applied? 
Problem: How to let the receiver identify the BG on a retransmission when the MCS is changed such that the BG selection would differ from the initial transmission when initial PDCCH assignment is missed, followed by DTX->NACK error? 
Options:
· Alt 1: Explicit indication of BG in DCI 
· Most robust solution, fixes all error cases
· But increases overhead
· LG, ZTE, Nok, Fuji, CATT,  MTK
· Alt 2: Determine TBS and BG from MCS field in DCI, and either:
· Intel, Sams, DCM, Eri, QC, HW, 
· a) apply additional* restrictions to the MCS set of all retransmissions to ensure that the TBS calculation results in the same BG selection as for the initial transmission
· b) enable TBS and BG to be derived from the MCS field unambiguously for both initial and retransmissions, without additional* restrictions on the MCS set for retransmissions

* Additional meaning on top of the restrictions that would anyway apply if the BG was explicitly known. 
Study further until RAN1#91. (Can check on Friday if consensus around a solution emerges.)



In this contribution, we discuss the base-graph indication for problem cases. 

Discussion 
Compared to LTE coding scheme, the major differences of NR is that there are two base graph with different characteristics such as the lowest code rate (1/3 for base-graph#1 and 1/5 for base-graph#2), maximum code block size (8448 for base-graph #1 and 3840 for base-graph#2). And there are different usage case for LDPC base graph selection depending on code rate and code block size. Fig1 is showing the graphical view of base-graph#1/ base-graph#2 usages. Because of these things, when UE fails to decode Control channel Information (PDCCH) at initial transmission, there might be an ambiguity for base graph selection in re-transmission if code rate is changed.
[image: ]
[Fig 1. Base-graph usages for NR]
As an example, if data is transmitted with TBS=1480 bits with R=0.70 as initial (A in Fig1) and transmit the same TBS with R=0.50 (B in Fig1) in second transmission. In order to combine or get IR gain, UEs must decode the 2nd transmitted data with base-graph#1 because initial transmitted data was encoded with base-graph#1. But if UEs lost the initial control information then it cannot know which base-graph is used for decoding. In order to solve this problem, UEs must know which base-graph is used at every transmission case, which means that there needs base-graph indication whether it is directly or indirectly. So, the simple way is to include the base-graph indication information in DCI, like Alt1 while it might increase the control channel overhead. As the other way, base-graph indication can be tied with TBS or MCS like Alt2.
[bookmark: _GoBack]Fig. 2 shows the part of TBS table in LTE [3]. Fort TBS=1480, the ITBS has 0, 1, 2, 3, 4, 5, 6, 7, 21, and 26. Then code rates are spanned over 0.11<R<0.51, base-graph#2 region and 0.70<R<0.93, base-graph#1 region. 
                                                                                                



























[Fig 2. Example of transport block size in LTE]


So, in order to avoid the ambiguity of base-graph selection at any transmission case, the scheduler may have strong restrictions on flexibility such as MCS or RB allocation. For example, if it is 21st ITBS with 3 PRB (TBS=1480) in initial transmission, the subsequent transmission cannot use ITBS values from 0 to 7 even the lower code rate is requested. Because it leads to indicating different base graph for subsequent transmission.
Observation 1: To make UEs know which base-graph is used in the error cases of initial control information, base-graph indication should be notified at every control information by direct or indirect. 
Proposal 1: The base-graph indication should be signalled in DCI.

Conclusions
In this conclusion, we have following an observation and a proposal,
Observation 1: To make UEs know which base-graph is used in the error cases of initial control information, base-graph indication should be notified at every control information by direct or indirect. 
Proposal 1: The base-graph indication should be signalled in DCI.
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