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1. Introduction
In RAN1#90 meeting, RAN1 made following agreements on UL data transmission without grant [1]:
	Agreements:
· Confirm the Working assumption: Both DFT-S-OFDM and CP-OFDM are supported for UL transmission without grant.
· It is not necessary to support Type 3 UL transmission without UL grant
Agreements:
· Support using MAC CE as an acknowledgement for L1 signalling for activation/deactivation of Type 2 UL transmission without grant (similar/same behaviour as in LTE SPS).
· Regarding the RV determination for K repetitions including the initial transmission, further study following options including possible down-selection:
· For Type 1:
· Option 1: Fixed to
· 1-1: a single value
· 1-2: a RV pattern  
· Option 2: RRC configured
· 2-1: a single value
· 2-2: a RV pattern  
· For Type 2:
· Option 1: Same as Type 1
· Option 2: Based on the L1 signalling
· Repetition number K for Type 2 UL transmission without grant is down-selected from the following:
· Option 1: Only RRC signalling
· Option 2: Combination of RRC + L1 activation signalling
· At least when an UL grant is used for retransmissions of Type 1 UL transmission without UL grant, different RNTI from the RNTI for UL transmission with grant is needed.
· FFS how to determine the RNTI.
· For Type 2 UL transmission without UL grant, different RNTI from the RNTI for UL transmission with grant is needed for activation/deactivation and at least for re-transmission.
· FFS how to determine the RNTI. 
· Send a LS to RAN2 to inform all the agreements (Lihui)
LS for email discussion/approval until August 31st – Lihui (DOCOMO)

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, we discuss further about the UE identification and HARQ-related issues for grant-free UL data transmission.

1. UE identification
As per agreement in last RAN1 adhoc#2 meeting [2], a gNB can identify the UEs based on time/frequency resources and RS parameter(s). Given that the multiple UEs are configured with same time/frequency resources, RS parameter(s) can be used for further UE identification. For RS of UL transmission without UL grant, it is straight forward to consider UL DMRS for grant-free UL transmission since DMRS is always transmitted in PUSCH together and can be reliably detected in the gNB side. Basically, to identify the grant-free UEs who share the same time/frequency resources, there are some orthogonal DMRS parameters discussed in MIMO session as following table 1, and additional quasi-orthogonal DMRS parameters could be also considered if the orthogonal DMRS parameters are not sufficient.
Table 1: Parameters for PUSCH DM-RS type 1
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	One symbol
	Two symbol

	1000
	0
	0
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	1001
	1
	0
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	1002
	0
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	1003
	1
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	1004
	0
	0
	-
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	1005
	1
	0
	-
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	1006
	0
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	1007
	1
	[image: ]
	-
	[image: ]


- PUSCH DMRS Antenna port index [image: ] (e.g. 1000~1007):
  As seen in Table 1 as an example, the parameters for PUSCH DM-RS type 1 in case of DFT-S-OFDM with ZC sequence. The each of antenna port index is relevant to the combinations of FDM resources (i.e. comb 2), cyclic shift values and TD-OCC (length-2) in case of two symbol DMRS. Finally, 8 number of antenna ports are supported for DFT-S-OFDM as agreed for NR. Therefore, it is quite natural to use at least these orthogonal DMRS resources (i.e. antenna port) for UE identification.
- ZC sequence root index (e.g. u=0~29, v=0 or 1):
  As in LTE, ZC sequence root index can be also used for the UE identification since the gNB can distinguish those UEs who are configured with different ZC root index. However, because it is not fully orthogonal among ZC sequences with different root index, the gNB may configure it to the UEs only when the orthogonal DMRS resources are not sufficient. Depending on how many the UEs with grant-free transmission are allowed to share the same time/frequency resources through further discussion, it would be decided whether/how many ZC sequence root index are configured for the UE identification.
- ZC sequence length/symbol(s):
  In addition to above, different ZC sequence length could be also used. Different ZC sequence length and/or the number of DMRS symbols is also beneficial if larger number of UEs should be shared in same time/frequency resources.
- SCID based-sequence scrambling (e.g. SCID=0 or SCID=1)
  The M-sequence based on SCID can be used for the scrambling of the ZC sequences as following:






  The M-sequence  is initialized by the scrambling ID and then generated as PN code like Gold sequence as in LTE.  is the ZC sequence applied with cyclic shift. In order to provide more number of DMRS resources for further UE identification, the ZC sequences can be scrambled with the M-sequences. This option can be additionally considered if necessary.
Table 2: Example of UE identification using DMRS parameters
	GF UE (w/ same time/frequency configuration)
	ZC sequence root index q
	PUSCH DMRS Antenna port index [image: ]
	ZC sequence length
	SCID

	UE#0
	0
	1000
	12*K RBs (or 12*K RBGs)
	0

	UE#1
	0
	1001
	12*K RBs (or 12* K RBGs)
	0

	UE#2
	5
	1000
	12*K RBs (or 12* K RBGs)
	0

	UE#3
	5
	1000
	12*K RBs (or 12* K RBGs)
	1

	UE#4
	5
	1000
	12* Y RBs (or 12* Y RBGs)
	1


*It is assumed that K and Y are the number of PRB/RBG for grant-free transmission.
In Table 2, the grant-free (GF) UEs who share the same time/frequency resources are configured with independent DMRS parameters via RRC signalling. The followings are examples of the UE identification.
- Different PUSCH DMRS antenna port for UE#0 – UE#1 
- Different ZC sequence root index for UE#0/1 – UE#2/3/4 
- Different ZC sequence length for UE#0/1/2/3 – UE#3/4
- Different SCID for UE#0/1/2 – UE#3/4
[bookmark: _GoBack]Proposal 1: The RRC configuration related to the DMRS parameters should include PUSCH DMRS antenna port index, ZC sequence root index and ZC sequence length/symbol(s) for the UE identification.
· FFS: Scrambling ID

  UE identification between UEs with different slot length
If the UEs with different slot length are configured with same time/frequency resources, it should be clarified that how to identify the UEs via the DMRS parameters if it is allowed to be configured. In Figure 1, following UEs with different slot length are assumed in the same time/frequency via gNB’s configuration.
· UE 1: normal slot (7 OFDM symbols) or normal slot (14 OFDM symbols)
· UE2~UE3: mini-slot (2 OFDM symbols)
· UE4~UE5: mini-slot (3 OFDM symbols)
[image: ]
Figure 1. Potential UE identification issue among UEs with different slot length
Different from grant-based scheduling, since the preemption indication cannot be dynamically provided by the PDCCH to the GF UE with longer slot length (e.g. UE 1 in Figure 1), there would be following cases including no support of UE identification:
In left figure:
- GF UE 1 (normal slot 7) – GF UE2 (mini-slot): It is possible to identify the UEs with DMRS parameters.
- GF UE 2 (mini slot) – GF UE3 (mini-slot): It is possible to identify the UEs with different time resources.
- GF UE 1 (normal slot 7) – GF UE3 (mini-slot): It is not possible to identify the UEs due to collision between data and DMRS as highlighted by red arrow.
  In right figure:
- GF UE 1 (normal slot 14) – GF UE2/5 (mini-slot): It is possible to identify the UEs with DMRS parameters.
- GF UE 2~5 (mini-slot): It is possible to identify the UEs with different time resources.
- GF UE 1 (normal slot 14) – GF UE3/4 (mini-slot): It is not possible to identify the UEs due to collision between data and DMRS as highlighted by red arrow. 
 It is proposed that RAN1 firstly discuss on whether the UEs with different slot length can be configured with the same time/frequency resources. If necessary at least for resource efficiency and sporadic URLLC traffic, then it needs further discussion on the UE identification. 
Proposal 2: It is proposed to discuss on whether the UEs with different slot length can be configured with the same time/frequency resources.

2. HARQ/re-transmission
Considering the agreement on the multiple HARQ processes for grant-free transmission, both gNB and UE need to know exactly which HARQ process is used for grant-free UL transmission. It is also considered not only grant-free transmission but also grant-based transmission for retransmission of initial transmission with grant-free.
In LTE Rel-14, asynchronous HARQ operation was introduced. The HARQ process ID is calculated based on subframe index of the initial transmission of a TB. Since eNB and UE have to follow the same rule to derive the HARQ process ID, it is possible to have same understanding on the HARQ process ID. The same principle can be applied for the grant-free transmission by using the time/frequency resource index, DMRS parameter, etc.
If grant-free retransmission is configured, the HARQ process ID should be same as the initial transmission in order to perform the combining operation. 
For grant-based retransmission, the HARQ process ID derived based on the grant-free initial transmission can be carried in UL grant for the UE. In this case, the setting of NDI field in UL grant for retransmission can be fixed or predetermined. Moreover, if different RVs are adopted for different transmission in the repetition, it should be also clarified how to identify the correct RV of each transmission.
Proposal 3: HARQ process ID can be calculated with a predefined rule at least with DMRS parameters and time/frequency resources.
· FFS: Other parameters

3. RV determination
According to the agreements for RV determination for K repetitions, there has been identified several signalling and RV determination options for both Type 1 and Type 2 on whether single RV or multiple RV are supported or not. It is true that gNB can use only chase combining and lead to simple implementation if a single RV is only supported for UL transmission without grant. However, there are of-course performance degradation due to no support of HARQ-IR so we think HARQ-IR should be supported for higher reliability. As in LTE, RV values can be cycled via pre-defined or RRC configured RV pattern based on some input values e.g. time/frequency resource index, initial Tx, number of K and so on.
Proposal 4: A RV pattern should be introduced for higher reliability and determined at least based on time/frequency resource index and number of K.

4. Conclusion
In this contribution, we discussed on remaining issues of UE identification, HARQ/retransmission and RV determination. As a conclusion, we summarize proposals as following:
Proposal 1: The RRC configuration related to the DMRS parameters should include PUSCH DMRS antenna port index, ZC sequence root index and ZC sequence length/symbol(s) for the UE identification.
· FFS: Scrambling ID
Proposal 2: It is proposed to discuss on whether the UEs with different slot length can be configured with the same time/frequency resources.
Proposal 3: HARQ process ID can be calculated with a predefined rule at least with DMRS parameters and time/frequency resources.
· FFS: Other parameters
Proposal 4: A RV pattern should be introduced for higher reliability and determined at least based on time/frequency resource index and number of K.

5. Reference
RAN1 #90 Chairman’s Notes
RAN1 NR Ad Hoc#2 Chairman’s Notes
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