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1 Introduction

In RAN1#90, following agreements were achieved for the HARQ feedback indication of UL transmission without grant. 
Agreements:
· If HARQ feedback is supported, to indicate HARQ feedback of UL transmission without grant, following options and related UE behavior should be further studied.

· Option 1: Based on UL grant to indicate “ACK”

· Option 2: Group-common DCI

· 2-1: Only ACK 

· 2-2: ACK and NACK

· Option 3: Define a Timer, UE assumes following, when the Timer expires

· 3-1: ACK if an NACK is not received after the K repetitions

· 3-2: NACK if an ACK is not received 

· FFS: Option 1, Option 2 and Option 3-2 can be used during and after the K repetition 

· Note: UL grant for the same TB initially transmitted without grant can indicate “NACK”

In this contribution, above options are further analyzed and a number of designs of group common DCI for Option 2 are discussed. 
2 Discussion
UL grant is normally used to switch the UE from grant free to grant based transmission so Option 1 is more suitable when there is still remaining data in buffer after the initial grant free transmission. When it is used to indicate “Ack” but not scheduling resources, the efficiency is low. For some MTC and URLLC services, a small amount of data is transmitted every time and normally there is no remaining data in buffer, and in that case, Option 2 is more efficient by indicating a number of “Acks” together. Option 3 can be supported with either Option 1 or Option 2. 
It can be considered to support both Option 1 and Option 2, but which one to use is configurable.   
Proposal 1: it is proposed to support both Option 1 and Option 2 for HARQ feedback of UL transmission without grant, which one to use is configurable. 
For the design of group common DCI, LTE DCI format 3A could be a base line, i.e., an Ack/Nack bitmap can be included, and each UE or each resource has one corresponding bit in the bitmap. But to avoid a high collision rate, the average number of grant free transmissions on the same resources cannot be too big. For each UE, transmission happens sporadically and infrequently. As a result, it can be estimated that most bits in the bitmap will be wasted without being used for any UE. 
To improve the efficiency, it was proposed to only include Ack/Nacks of those UEs whose transmissions are detected [1], i.e., either successfully received or detected but not successfully received. For each Ack/Nack, a feedback field is included and each feedback field includes a UE-ID and optionally a bitmap for multiple HARQ processes of this UE. To avoid blind detection, it is expected that the group common DCI has fixed payload size so the number of feedback fields needs to be pre-defined. 
2.1
Probability distribution vs. different number of feedback fields

A simplified model is used to understand the probability vs. different number of feedbacks which means multiple transmissions in the corresponding slot(s). Assuming M=20 UEs are served by the same group common DCI, each UE has a transmission rate, i.e., AR (arrival rate), of 1% or 0.1%, all transmissions are detected, and different UEs transmit independently. 
The probability of n UEs transmitting simultaneously is 

[image: image1.png]p=CpL+AR"* (1 —AR)M™




It is assumed all n transmissions will be addressed by n Ack/Nack feedback fields. The cumulative distribution function (CDF) is given in Figure 1 below:
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Figure 1 Probabilities of different number Ack/Nack fields in one GC DCI
For AR=0.01, 81.8% from all cases, no feedback fields need to be transmitted due to no UL transmissions and 3 feedback fields can cover up to 99.996% of all cases which is already more robust than the DCI reliability. With the same assumptions, three seems an acceptable number of feedback fields, and the probability of each case with a different number of feedback fields is given in Table 1 below. 

Table 1 Probabilities of different number of Ack/Nack fields 

	0 feedback field
	1 feedback field
	2 feedback fields
	3 feedback fields

	81.8%
	16.5%
	1.6%
	0.1%


When there are more than 3 UEs’ feedbacks need to be included, the gNB can select to discard those not selected in the group of 3 and the one with most “Nacks” can be discarded with the least cost. A UE who transmitted but could not find its UE-ID in the received group common DCI will interpret it as a “Nack”.
Observation 1: the probability of a number of feedback fields in the same DCI declines dramatically when the number increases. 
Two proposals for the bitmap based design and UE-ID based designs are separately discussed below. 

2.2
Feedback with bitmap
In order to reduce the bitmap size, it can be considered to group a number of UEs to share the same UE ID, and all UEs in this group share the same Ack/Nack bit in the bitmap. The value will be set to “Ack” only when all UEs’ transmissions are successful otherwise it will be set to “Nack”. The drawbacks of this proposal come from two aspects, one is the unnecessary retransmission when two or more UEs in the same group have different Ack/Nack results which will cause correct transmissions to be retransmitted and the other one is potential packet loss when a UE’s UL transmission is not detected by the gNB while all other detected transmissions are successfully received and all UEs will be indicated an “Ack” and the packet is lost for the UE with undetected transmission. To mitigate impacts from both drawbacks, only UEs with infrequent transmission can be grouped together and depending the transmission frequency and tolerable packet loss rate, different number of UEs can be grouped together. An example can be found below. 
Table 2 Flexible UE group size for Bitmap based feedback

	UE #0
	UE #1
	UE #2
	UE #3
	UE #4
	UE #5
	UE #6
	UE #7
	UE #8
	UE #9

	ID #0
	ID #1
	ID #2
	ID #3


UE #0 transmits frequently or tolerates very low packet loss rate, and a dedicated ID #0 is assigned; UE #1 and UE #2 transmit less frequently or tolerate slightly higher packet loss rate, and both are assigned the same ID #1; UE #6 to UE #9 transmits very infrequently or can tolerate much higher packet loss rate, and all four UEs are assigned the same ID #3. 
The ID configuration is transparent to the UE, and the UE does not need to know which UEs are grouped together. Note that this UE ID is only used to interpret the DL Ack/Nack feedback and a dedicated/different ID can be used in the UL grant free transmission. 
Proposal 2: it is proposed to support to configure multiple UEs the same ID for the HARQ feedback of UL transmission without grant. 
2.3
Feedback with UE-ID
Alternatively, the IDs can be explicitly included in the Ack/Nack feedback and according to the analyses in Figure 1, a limited number, n, of IDs can be included and n should be sufficiently big enough so that the probability that an Ack can be indicated is well above than the group common DCI reliability. When there are multiple HARQ processes configured for the same UE, an additional bitmap can be included to indicate the Ack/Nack status of each HARQ process. An ID plus optionally a bitmap is called a feedback field. 
To reduce the number of blind detection, a fixed payload size is expected so the number of feedback fields need to be fixed. When the actual number of necessary feedback fields is less than the fixed number, the additional feedback field(s) will be filled with filler bits. Using the same assumptions as in Figure 1, three feedback fields need to be supported and it can be concluded that filler bits need to be used in most group common DCIs which will degrade the DL control signaling efficiency. 
Different from the above option with fixed number of feedback fields, another option with flexible number of feedback fields is proposed below with an additional field to indicate the actual number of feedback fields.  
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Figure 2 Two options for feedback with UE ID
The number of feedback fields is included as a part of the payload and at the same time, only the necessary feedback fields are included. When no transmission is received successfully, the number of feedback fields indicates 0. With the same amount of physical layer resources used, the option with flexible number of feedback fields may result in a better transmission reliability if its average payload size could be smaller than the option with fixed number of feedback fields.  
The link level performance is evaluated with simulations assumptions as shown in Table 3. 
Table 3 Simulation assumptions

	Parameter
	Value
	Note

	Channel
	AWGN
	

	Channel estimation
	Practical
	

	Channel coding
	Polar code
	

	Feedback field size
	9 bits
	5 bits UE ID + 4 bits Bitmap for multiple HARQ processes

	# of feedback fields
	2 bits
	At most 3 feedback fields can be supported

	CRC
	21 bits
	

	# of antnnas
	1T1R
	

	# of PRBs
	21
	

	DMRS density
	1/2
	2-symbol mini-slot with the one whole symbol used for DMRS 

	Modulation
	QPSK
	


Two designs are investigated, one is that the “number of feedback fields” is separately encoded and mapped to 4 PRBs and all remaining payload is encoded and mapped to other 17 PRBs; the other design is that half CRC and the “number of feedback fields” are encoded together and mapped to half of the physical resources and all remaining payload is encoded and mapped to other half of the physical resources. 
Two coding and mapping schemes are illustrated in Figure 3 and Figure 4 below. 

[image: image4.png]Mini-slot (2 symbo\s]i

Number of feedback fields 0/1/2/3 Feedback field(s) CRC
(2 bits) (0/9/18/27 bits) (21 bits)
€ Orthogonal coding Polar coding ———————————> <

Channel encoded block1

Channel encoded block2

v

' \ Ss DMRS
{€— Rate matching with to 4 PRB —>&————— Rate matchingwithto 177 PRB ———————— >~ _ .
' \ ~.
0 1 2 3 4 5 6 7 8 9 20 ¥
=

PRB




Figure 3 Coding and mapping scheme 1
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Figure 4 Coding and mapping scheme 2
Corresponding simulation results can be found in Figure 5 and Figure 6 separately. The reference case is for 3 fixed feedback fields plus CRC without “number of feedback fields” so totally 48 bits are encoded with polar code and mapped to 21 PRBs. Note that the reference curve is normalized to BLER = 10-3 @ SNR = 0 dB and all other curves are shifted accordingly. 
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Figure 5 Simulation results with coding and mapping scheme 1

It is assumed the group common DCI at least needs to achieve 10-3 BLER. Considering different curves happen with different probabilities, the overall gain is a combination of gains of all curves but scaled with their specific probabilities. With the same probabilities as shown in Table 1 used, coding and mapping scheme 1 totally has 0.78 dB gain.
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Figure 6 Simulation results with coding and mapping scheme 2
The overall gain of coding and mapping scheme 2 can be calculated as 1.17 dB which is about 0.4 dB better than the coding and mapping scheme 1. 
Observation 2: there is about 1 dB gain with flexible number of feedback fields in one DCI message. 
Proposal 3: it is proposed to support a flexible number of feedback fields for the group common DCI and a separately encoded header is required to avoid blind detection. 
3 Conclusions
HARQ feedback of UL transmission without grant is discussed in the contribution, two aspects can be considered to reduce the required payload size from the group common DCI and accordingly to improve the reliability, one is to allow multiple UEs to share the same ID and another is to support a flexible number of feedback fields in one DCI message. Link level simulation results are provided.  
Based on above discussions, we have the following proposals: 

Proposal 1: it is proposed to support both Option 1 and Option 2 for HARQ feedback of UL transmission without grant, which one to use is configurable. 
Observation 1: the probability of a number of feedback fields in the same DCI declines dramatically when the number increases. 
Proposal 2: it is proposed to support to configure multiple UEs the same ID for the HARQ feedback of UL transmission without grant. 
Observation 2: there is about 1 dB gain with flexible number of feedback fields in one DCI message. 
Proposal 3: it is proposed to support a flexible number of feedback fields for the group common DCI and a separately encoded header is required to avoid blind detection. 
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