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Introduction
This document compares two following designs,
- Approach A: Common DCI design between full TB and partial TB. UE can receive DCI for partial TB even if UE does not receive DCI for full TB.
- Approach B: Different DCI design between full TB and partial TB. DCI for full TB is required to be received before the reception of DCI for partial TB.
Note that we envisage full TB can be indicated by compact DCI (like DCI format 1A in LTE) even if CBG operation is configured as fallback to non-CBG operation. This would be useful for sudden poor UL condition or exchange of important message like RRC. This discussion is about how large payload size DCI (like DCI format 2x in LTE) is designed with.
The mandatory reception assumption of DCI for full TB before DCI for partial TB may make total DCI payload size smaller. This document analyses how much smaller the total DCI payload size could be based on such assumption.
This document is update of R1-1711324.
Discussion
We compare two designs based on the following table.1. 
- Approach A: Common DCI design between full TB and partial TB. UE can receive DCI for partial TB even if UE does not receive DCI for full TB.
- Approach B: Different DCI design between full TB and partial TB. DCI for full TB is required to be received before the reception of DCI for partial TB.
Which field is necessary for each DCI design and which field can be different between two designs are listed in table.1.

Table. 1 Comparison of common DCI for full/partial TB and different DCIs for full/partial TB respectively
	
	Approach A 
	Approach B

	
	
	DCI for Full TB
	DCI for Partial TB

	Time and frequency resource allocation
	Necessary
	Necessary
	Necessary

	PUCCH related resource indication
	Necessary
	Necessary
	Necessary

	PUCCH power control
	Necessary
	Necessary
	Necessary

	MIMO related
	Necessary
	Necessary
	Necessary

	CSI related
	Necessary
	Necessary
	Necessary

	RNTI
	Necessary
	Necessary
	Necessary

	NDI for TB level
	Necessary
	Necessary
	Necessary

	HARQ process number for TB level
	Necessary
	Necessary
	Necessary

	Full TB size, Modulation scheme
	Necessary
6 bits
	Necessary
6 bits
	2 bit for modulation scheme

	Per CBG:
RV, CBG level soft combining or flush
	Necessary
2 bits per CBG
	-
	Necessary
2 bits per CBG



In above table, following is considered/assumed.
- The total size of "per CBG" field is fixed. It can be determined by the maximum number of CBG configured by RRC. We expect 4 or 8 order as the number of CBG per TB.
- Considering the larger data payload size of NR high bit rate traffic using CBG, we assumed MCS field (or full TBS size) as 6 bits. In approach B partial TB DCI, its size is not required to be same as full TB size but only limited modulation order is required. Therefore, 2 bits is assumed.
- Coding rate is common to all CBGs within one assignment.
- In approach B partial TB DCI, MIMO and CSI related information may be reduced compared with DCI for full TB. But we didn't take such assumption. 
- TB level NDI is required even for approach B DCI for partial TB. If TB level NDI is not contained in DCI for partial TB, UE is not able to distinguish whether DCI for full TB is miss-detected or not. Not to have TB level NDI for approach B DCI for partial TB is possible but it requires more reliability on approach B full TB DCI, which requires more aggregation levels or more power.
- For "RV, CBG level soft combining or flush" field, following is assumed respectively depending on whether pre-emption happens or not.
Table 2:  the field of "RV, CBG level soft combining or flush" when pre-emption may happen.
	Value
	Transmission of this CBG?
	Flush soft buffer or combining of previous data of the CBG
	RV of CBG

	00
	No
	-
	-

	01
	Yes
	Flush
	Systematic bit priority

	10
	Yes
	Soft combine
	Systematic bit priority

	11
	Yes
	Soft combine
	Parity bit priority



Table 3: the field of "RV, CBG level soft combining or flush" when pre-emption never happens.
	Value
	Transmission of this CBG?
	Flush soft buffer or combining of previous data of the CBG
	RV of CBG

	00
	No
	-
	-

	01
	Yes
	Soft combine
	Systematic bit priority

	10
	Yes
	Soft combine
	Parity bit priority type 1

	11
	Yes
	Soft combine
	Parity bit priority type 2




Based on above table and assumptions, the difference on DCI payload size between approach A and B involves the field of "full TB size, modulation scheme" and "RV, CBG level soft combining or flush". We compared 1 and 2 TB cases for 4 and 8 CBG cases respectively. The DCI payload size of common part is expressed as M bits. In order to avoid BD number increase, we assume the same DCI payload size between approach B full TB DCI and partial TB DCI. Therefore, larger payload DCI between two DCI payload size i.e. partial TB, is used for the comparison. The result is shown in table 4.
Table 4: Comparison of DCI payload size of different TBs and different CBG
	
	
	Approach A
	Approach B
Full TB
	Approach B
Partial TB
	Difference between approach A and B

	1 TB (up to rank 4 MIMO)
	maximum 4 CBG configuration
	M + 6 + 8 = M+14
	M+6
	M+2+8 = M+10
	4 bits

	1 TB (up to rank 4 MIMO)
	maximum 8 CBG configuration
	M + 6 + 16 = M+22
	M+6
	M+2+16 = M+18
	4 bits

	2 TB (more than rank 4 MIMO)
	maximum 4 CBG configuration
	M + 12 + 8 = M+20
	M+12
	M+4+8 = M+12
	8 bits

	2 TB (more than rank 4 MIMO)
	maximum 8 CBG configuration
	M + 12 + 16 = M+28 bits.
	M+12
	M+4+16 = M+20
	8 bits



According to our evaluation, the difference of DCI payload size is always 4 bits for 1 TB and 8 bits for 2 TB. Assuming 70 bits order of DCI payload size, it corresponds to 6% and 11% respectively. It can be expressed as 0.24 dB and 0.47 dB respectively. In approach B, DCI for full TB needs to be sent with lower BLER as the miss detection of DCI for full TB means the remaining DCI for partial TB error. According to the evaluations of DCI Tx diversity [1][2][3][4][5], the difference of BLER 1% to BLER 0.1% are roughly 2 dB. Compared with the increased DCI size in approach A, to increase the reliability of DCI for full TB is more costly. In addition, overall approach A is simpler design as no mandatory reception of DCI for full TB before DCI for partial TB. Therefore, we propose approach A is taken.
In addition, our view is DL control signalling is allowed to be transmitted before the reception of HARQ-ACK if the network think the previous transmission can be unreliable or not correctly received by UE. This can reduce the time for the retransmission and can reduce the latency. In such operation, the network cannot check whether previous transmission is correctly received or not. In order to allow such operation, UE can receive DCI for partial TB even if UE does not receive DCI for full TB is important.

Proposal: 	DCI design for CBG transmission should allow UE can receive DCI for partial TB even if UE does not receive DCI for full TB.

Conclusion
[bookmark: _GoBack]We analysed how much DCI size can be reduced by the mandatory reception assumption of DCI for full TB before DCI for partial TB. According to our analysis, DCI payload size difference is 4 bits for 1 TB case and 8 bits for 2 TB case. Such assumption requires more reliability on DCI for full TB. Therefore, the efficiency is decreased by using such assumption. In addition, to use such assumption itself is more complex design. Therefore, we propose following.
Proposal: 	DCI design for CBG transmission should allow UE can receive DCI for partial TB even if UE does not receive DCI for full TB.
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