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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
For NR RACH procedures and resource configuration, the following agreements are achieved in the previous meetings [1]:
· In NR, the RACH configuration provides at least:
· RACH time/freq. information 
· RACH preamble format
· For initial access, threshold for SS block selection for RACH resource association is configurable by network, where the threshold is based on RSRP
· FFS details, including ping-pong effect handling 
· NR supports at least slot based transmission of Msg2, Msg3 and Msg4
· Check if slot based scheduling can satisfy ITU requirement. If not, investigate ways to meet ITU requirement, e.g., non-slot based transmission of Msg2, Msg3 and Msg4
· Msg3 is transmitted after a minimum time gap from the end of Msg2 over-the-air reception 
· gNB has the flexibility to schedule the transmission time of Msg3 while ensuring the minimum time gap
· FFS the minimum time gap w.r.t. UE processing capability
· For NR UE initial access based on RACH configuration for an SUL carrier 
· RACH configuration for the SUL carrier is broadcasted in RMSI
· The configuration information for the SUL carrier is sufficient for UEs to complete RACH procedure via only that SUL carrier
· In particular the configuration information includes all necessary power control parameters
· The configuration information for the SUL carrier includes a threshold. The UE selects that SUL carrier for initial access if and only if the RSRP measured by the UE on the DL carrier where the UE receives RMSI is lower than the threshold
· If the UE starts its RACH procedure on the SUL carrier, then the RACH procedure is completed with all uplink transmission taking place on that carrier
In this contribution, the remaining aspects as identified above are addressed. Furthermore, additional Msg2 and Msg3 specifications details are included as well.   
PRACH configuration 
[bookmark: OLE_LINK72][bookmark: OLE_LINK73]Overview of PRACH configuration: contents and sizes 
NR has defined two sets of RACH preamble formats that are of different sequence lengths. One set is with sequence length 839 and small subcarrier spacing (e.g., 1.25 kHz for preamble format 0~2, 5 kHz for preamble format 3), the other set is with short sequence length 127 / 139 and large subcarrier spacing (i.e., 15 / 30 / 60 / 120 kHz). The two sets of preamble formats are defined for different use scenarios, e.g., the long sequence based preamble formats are for cell with large cell coverage and the short sequence based preamble formats are suitable for multiple-beam deployment. NR can adopt two RACH configurations regarding to the sequence length. 
The expected fields and size of PRACH configurations for the two sets of preamble formats are listed in Table 1. The field OndemandSI is used to indicate the dedicated preamble indices and RA resource periodicity (e.g., named PRACH Mask Index in LTE) for SI request, and the association between the preamble index and/or resource periodicity and SI. For the NR PRACH configuration, we have the following proposal. 
[bookmark: _Ref492497254]Proposal 1: NR should use Table 1 as the PRACH configuration parameters.  
[bookmark: _Ref491956773]Table 1 PRACH configuration parameters
	Field name
	L = 839
	L =  127 / 139
	Remark 

	NumberOfRA-Preambles
	4
	4
	The same meaning as in LTE

	sizeOfRA-PreambleGroupA
	4
	4
	The same meaning as in LTE

	messageSizeGroupA
	2
	2
	The same meaning as in LTE

	messagePowerOffsetGroupB
	3
	3
	The same meaning as in LTE

	PowerRampingStep
	2
	2
	The same meaning as in LTE

	PreambleTransMax
	4
	4
	The same meaning as in LTE

	mac-ContentionResolutionTimer
	3
	3
	The same meaning as in LTE

	maxHARQ-Msg3Tx
	3
	3
	The same meaning as in LTE

	ra-ResponseWindowSize
	3
	3
	The same meaning as in LTE

	PreambelInitialReceivedTargetPower
	[4]
	[4]
	Similar meaning as in LTE

	rootSequenceIndex
	10
	[7~8]
	The same meaning as in LTE

	Prach-ConfigIndex
	6
	[6]
	The same meaning as in LTE

	zeroCorrelationZoneConfig
	4
	4
	The same meaning as in LTE

	highSpeedFlag
	2
	[0]
	Restricted set type indication

	prach-FreqOffset
	[7]
	[7]
	The same meaning as in LTE

	SequenceLengthType
	1
	1
	Preamble sequence length L

	Msg1SubcarrierSpacing
	-
	1
	Preamble subcarrier spacing

	Msg3SubcarrierSpacing
	[1~2]
	[1~2]
	Msg3 subcarrier spacing

	Msg3TransformPrecoding
	1
	1
	Msg3 waveform

	OndemandOSI
	[X]
	[X]
	On-demand OSI configuration

	Association
	[4]
	[4]
	Association between SS block and RACH resources

	RSRPThreshold
	[4]
	[4]
	Threshold for SS block selection during Msg1 transmission

	Total
	[72~73 + X]
	[68~70] + X
	



Random access channel time configuration 
PRACH configuration index is used to determine the PRACH preamble format and time of RACH resources. In LTE, UE obtains the preamble format and time (i.e., subframe number) from a lookup table with a configured index of length 6 bits, and the 6 bits PRACH configuration index indicates 64 settings that cover all the preamble formats. For LTE FDD, the PRACH is designed to support a minimum bandwidth of 1.4 MHz (with occupied bandwidth 1.08 MHz or 72 subcarriers of 15 kHz), and 3 different candidate subframe numbers at most RACH resource time densities are defined for three cells. In NR, the PBCH bandwidth is of 288 subcarriers and thus the minimum bandwidth can be supposed to be larger than 288 subcarriers. The bandwidth of 288 subcarriers is able to accommodate at least two RACH resources for most NR preamble formats in a time instance. With a same number of NR PRACH configurations as in LTE, the candidate subframe numbers at each time density can be reduced and more time densities can be provided for three cells. Exemplary PRACH configurations are shown in Table 3 for sequence length L = 839 and Table 4 for L = 127/139. 
The PRACH configurations of  NR preamble formats with sequence length L = 127/139 should strive to maximize the commonality between NR TDD and NR FDD, thus the NR PRACH configurations should avoid the subframes that synchronization signals (SS) may be scheduled, e.g., SS is in the first half frame. 
[bookmark: _Ref494135101]Proposal 2: The NR FDD PRACH configuration can consider to reduce the candidate subframe numbers at each RACH resource time density and provide more options in time density, e.g., Table 3 and Table 4. 
Only the subframe number is not enough to indicate the exact timing of the preamble formats for the NR preamble formats with sequence length L = 127/139, and the time slot number and / or OFDM symbol (OS) number should be provided to determine the RACH resource time. However, the preamble subcarrier spacing impacts on the time slot and OFDM symbol duration. In NR, there are more options of preamble subcarrier spacing, e.g., there are two preamble SCSs for each frequency band range (i.e., 15 kHz and 30 kHz for below-6 GHz, and 60 kHz and 120 kHz for over-6 GHz). As a result, it is complicated and of high overhead to indicate the time slot number and OS number for each PRACH resource considering various preamble SCSs. One simple solution is to only allow a finite number of PRACH resource time patterns in a subframe, and the time slot number and OS number of the PRACH resources in each pattern are fixed for each specific SCS. For example, some PRACH resource patterns for the NR preamble format A1/B1 are shown in Figure 1. Based on the above discussions, we have the proposal:
[bookmark: _Ref494135115]Proposal 3: The time slot number and OFDM symbol number should be defined for the PRACH resources to simplify the configuration and overhead. For example, by defining a finite number of candidate PRACH resource time patterns in a subframe, where the time slot number and OFDM symbol for each pattern are predefined. 
	 [image: ]

	(a) consecutive PRACH between time slots 
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	(b) consecutive PRACH in a time slot


[bookmark: _Ref494123297]Figure 1: PRACH resource time patterns for different subcarrier spacing 
Association between SS block and PRACH resources
The PRACH resources could be FDMed as in LTE. It raises one issue about the SS block and RACH resource associations, which is frequency first or time first. For example, the two FDMed PRACH resources are associated with the same SS block (time first) or different SS block (frequency first). Time first association separates different SS blocks by different PRACH time, where the PRACH resource for a same SS block may be separated by a large time gap, thus the latency will be greatly increased when the number of SS blocks is large (e.g., 64 for above 6 GHz). On the other hand for frequency first association, the PRACH resources for a same block can be reoccurred by a much smaller time gap, thus the latency will be reduced when the number of SS blocks is large (e.g., 64 for above 6 GHz). However, whether multiple SS blocks could be associated with the FDMed PRACH resources depends on gNB capability, e.g., whether gNB could do fully digital Rx beamforming for different beam reception at the same time in different frequency band. Based on the above discussions, our proposal for association are:
[bookmark: _Ref492039987]Proposal 4:  NR should support both frequency first and time first association between the PRACH resources and the SS blocks. gNB can configure the association for a cell based on gNB capability. 
Overview of PRACH configuration for SUL carrier 
It has been agreed that the SUL RACH configuration is sufficient for UEs to complete RACH procedure via only that SUL carrier, and thus the SUL PRACH configuration should contain almost the same fields as regular PRACH configuration. However, NR should strive to reduce the payload. 
[bookmark: _Ref129681832]Msg1 transmission 
[bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: OLE_LINK71]SS block selection for Msg1 (re)transmission
As we have discussed in [2], changing the corresponding SS block for Msg1 retransmission will provide benefits in latency. However, inappropriately designed SS block switching will leads to severe Ping-Pong effects due to the channel fading. Similar as LTE, L3 filtering and a switching delay are able to control the effects, i.e., the RSRP of an SS block is filtered and an SS block is allowed to be selected at a time duration after that the RSRP is above the configured threshold. 
[bookmark: _Ref492198646][bookmark: _Ref488163949]Proposal 5: In NR with multiple SS blocks, UE can select a candidate SS blocks with a filtered RSRP above the threshold for Msg1 (re)transmission after a time duration.
Msg 1 transmission with supplementary UL carrier frequency (SUL)
Consider the scenario that a NR UE is configured with a NR unpaired carrier and a SUL carrier. The UE can select one of the two carriers for RACH procedure, and the selection can be based on its DL RSRP measurement on the NR unpaired carrier. Due to the non-ideal DL RSRP measurement, a UE may not select the proper UL carrier for RACH procedure and fail in Msg1 transmission. When a UE failed Msg1 transmission on the NR unpaired carrier with the number of trials exceeding a configured value, it is better for the UE to continue to transmit Msg1 on the SUL rather than performing cell reselection. In this case, gNB can configure two Ms, e.g., M1 for NR unpaired carrier and M2 for SUL. When the UE fails M1 Msg1 transmissions on the NR unpaired carrier, it can continue Msg1 transmission over the SUL. More detailed discussions are in our companion contribution [5].
[bookmark: _Ref492587308]Proposal 6: If a UE is failed in Msg1 transmission on NR unpaired carrier with a configured number of trials, then it can continue Msg1 transmission over the SUL carrier.
Msg2 
Once the random access preamble is transmitted, the MAC entity shall monitor the PDCCH in the CORESET for Msg2 identified by the RA-RNTI. 
RA-RNTI 
In LTE, there are at most 6 candidate PRACH resource frequency for a cell and 10 candidate PRACH resource time (i.e., subframe numbers), and the RA-RNTI is calculated based on the PRACH resource time t_id and frequency f_id as: RA-RNTI= 1 + t_id + 10*f_id. Although LTE defines upto 60 RA-RNTI, there are at most 10 simultaneously used RA-RNTI for a cell. 
In NR, the RA-RNTI for NR preamble formats with sequence length L = 839 can follow the same rule as in LTE, i.e., a function of the time and frequency, or can have a more compact RA-RNTI by a function of PRACH resource index with in a time interval (e.g., system frame). However, the NR preamble time granularity is as small as OFDM symbols, then there are upto 14 (OS)  80 (time slots)  6 (frequency) = 6720 if RA-RNTI is a function of time and frequency, which leads to high load on RNTIs. On the other hand, the required number of RA-RNTI can be reduced greatly if it is a function of PRACH resource index with in a time interval. Since the PRACH resources are associated with SS blocks, the RA-RNTI can be also a function of SS block index. 
When it comes to the scenario that NR UEs are configured with multiple UL carriers, UEs would be configured with multiple PRACH resources on both unpaired UL and SUL carriers. In this case, one UE which transmits preamble on the unpaired UL carrier and another UE that transmits preamble on the SUL may have the same RA-RNTI when reusing similar method as that in legacy LTE. Particularly, when a UE transmits preamble on the NR unpaired carrier and then receives RAR scrambled with a desired RA-RNTI, it is noted that such RAR may be associated with another UE which transmits preamble on the SUL. Namely, there would result in misunderstanding for the UE to receive RAR, and the transmission of Msg3 would be failed. 
In order to avoid the misunderstanding for RAR reception, the carrier used for preamble transmission can be implicitly indicated by RA-RNTI. Thus, a carrier index needs to be introduced to differentiate the unpaired UL carrier and SUL, and such carrier index can be used in the calculation of RA-RNTI. In addition, the carrier index can be broadcasted to UEs in RMSI. 
[bookmark: _Ref494537584]Proposal 7: NR RA-RNTI should be a function of PRACH resource index or SS block index. In addition, when more than one UL carriers are available, NR RA-RNTI should be a function of UL carrier index.
RAR contents and size 
The structure and size of LTE RAR is shown in Figure 2. The RAR contains fields of random access preamble index (RAPID), uplink (UL) grant, timing advance command (TAC), Temporary C-RNTI (TC-RNTI). In NR, the same fields are kept and the fields may be adjusted since new features are introduced for multi-beam. For example, capacity enhancement requires more bits for RAPID and thus the reserved field(s) in the current Msg2 MAC RAR can be recycled, and Msg3 scheduling requires more timing flexibility and thus the reserved field(s) in the current Msg2 MAC header can be recycled, as will be further discussed in the following subsection. 
	[image: ]
BI subheader 
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RAPID subheader
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	(a) MAC header
	(b) fields in the MAC RAR 


[bookmark: _Ref492197248]Figure 2: LTE Msg2 contents and size 
Timing in RACH procedure
Non-slot based scheduling 
According to TS 38.913[5], the control plane latency of NR targets for 10ms latency. In LTE, the C-plane latency involves the steps as shown in Figure 3 for initial access, and the overall latency is 50 ms as shown in Table 2. Suppose the processing time is proportional to the non-slot length, to satisfy the NR 10 ms latency, the NR time should be based on time unit with duration not more than 200 us, and the time unit covers the scheduling and processing latency required at both UE and gNB. 
Observation 1: With the same steps as in LTE transition (from Idle to Connected mode), NR can fulfill the 10 ms C-plane latency requirement if the time unit for scheduling and processing is not more than 200 us.
[bookmark: _Ref494200768]Table 2 Transition time from Idle to Connected mode 
	Component
	Description
	LTE-A time (ms) [6]
	NR time
(# of non-slot)

	1
	Average delay due to RACH scheduling period 
	0.5
	0.5 

	2
	RACH Preamble
	1
	1

	3-4
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment)
	3
	3

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	5
	5

	6
	Transmission of RRC and NAS Request
	1
	1

	7
	Processing delay in eNB (L2 and RRC)
	4
	4

	8
	Transmission of RRC Connection Set-up (and UL grant)
	1
	1

	9
	Processing delay in the UE (L2 and RRC)
	12
	12

	10
	Transmission of RRC Connection Set-up complete
	1
	1

	11
	Processing delay in eNB (Uu → S1-C)
	 
	 

	12
	S1-C Transfer delay
	 
	 

	13
	MME Processing Delay (including UE context retrieval of 10ms)
	 
	 

	14
	S1-C Transfer delay
	 
	 

	15
	Processing delay in eNB (S1-C → Uu)
	4
	4

	16
	Transmission of RRC Security Mode Command and Connection Reconfiguration (+TTI alignment)
	1.5
	1.5

	17
	Processing delay in UE (L2 and RRC)
	16
	16

	Total delay
	50
	50

	Time unit to fulfill the C-plane latency
	10 ms
	200 μs




It should be pointed out that the UE and gNB processing latency contribute the major part of the control plane latency, while the length of scheduling periodicity (i.e. the monitoring periodicity of CORESET) due to alignment of CORESET is relatively small. Furthermore, a smaller CORESET monitoring periodicity puts higher requirements on the capability of UE. To tradeoff between the cost, complexity, and power consumption, NR could support different levels of UE capability. As a starting point, we propose to consider at least 125 μs as the minimum CORESET monitoring periodicity during RACH for those UE having 10ms latency requirement, and it can be revisited when the timing latency is not satisfied.
[bookmark: _Ref494298495]Proposal 8: To fulfill the 10 ms C-plane latency requirement for some UEs, non-slot based transmission of PDSCH for Msg2, PUSCH for Msg3 and PDSCH for Msg4 with a minimum CORESET monitoring periodicity [125us] should be specified.
Moreover, NR should strive to support mechanism that allows a UE to access the network, if the UE does not need to fulfill the target control plane latency of 10ms. The minimum CORESET monitoring periodicity for those UEs may be larger than 125us.
Msg3 timing
In LTE, a UE gets the initial transmission time and frequency of Msg3 according to the UL grant in the received RAR in Msg2. For a received Msg2 at subframe n, the transmission time of Msg3 is the first UL subframe not later than n+6 when the UL delay field in the RAR is false, and the transmission time of Msg3 is the second UL subframe not later than n+6 when the UL delay field in the RAR is true. 
The minimum time gap between Msg2 and Msg3 in LTE is fixed at 5 subframes, which includes the UE processing time for Msg2 reception and Msg3 transmission. In NR, there would be different control latency requirements for different services, e.g. for mMTC and eMBB. Hence, different the minimum time gap values may be specified for different target service.
[bookmark: _Ref494298501]Proposal 9: NR supports multiple minimum time gap between Msg2 and Msg3 for different service types. 
The timing flexibility of Msg3 in LTE is only 1 bit (two candidate timing), which is indicated by the UL delay field in RAR. It is expected that NR should provide more timing flexibility for Msg3 transmission due to support of multiple beams. Specifically, gNB should be provided with greater flexibility to schedule the Rx beams for Msg3 reception. However, increasing the bits of UL delay field in the UL grant will also lead to higher payload for the RAR. With N users, the bits needed increase from N bits to 2N bits (assuming 1 bit is increased to 2 bits). Having the UL delay field in the MAC header of Msg2, similar to the back-off index in Msg2, would allow all the RAR to share the UL delay field. All the UEs that have matched RAR in Msg2 will transmit their Msg3s according to the UL delay field in the MAC header, which is the same for all UEs. 
[bookmark: _Ref490140746]Proposal 10: NR supports at least 2 bits UL delay field to improve the timing flexibility for Msg3 transmission. NR UL delay field can be sent in the MAC header of Msg2 to reduce the scheduling overhead.

Conclusion
In this contribution, we discuss the RACH procedures and resource configuration taking single/multi-beam properties into account. The following observation is made: 
Observation 1: With the same steps as in LTE transition (from Idle to Connected mode), NR can fulfill the 10 ms C-plane latency requirement if the time unit for scheduling and processing is not more than 200 us.
The following proposals are made:
Proposal 1: NR should use Table 1 as the PRACH configuration parameters. 
Proposal 2: The NR FDD PRACH configuration can consider to reduce the candidate subframe numbers at each RACH resource time density and provide more options in time density, e.g., Table 3 and Table 4. 
Proposal 3: The time slot number and OFDM symbol number should be defined for the PRACH resources to simplify the configuration and overhead. For example, by defining a finite number of candidate PRACH resource time patterns in a subframe, where the time slot number and OFDM symbol for each pattern are predefined.
Proposal 4:  NR should support both frequency first and time first association between the PRACH resources and the SS blocks. gNB can configure the association for a cell based on gNB capability. 
Proposal 5: In NR with multiple SS blocks, UE can select a candidate SS blocks with a filtered RSRP above the threshold for Msg1 (re)transmission after a time duration.
Proposal 6: If a UE is failed in Msg1 transmission on NR unpaired carrier with a configured number of trials, then it can continue Msg1 transmission over the SUL carrier.
Proposal 7: NR RA-RNTI should be a function of PRACH resource index or SS block index. In addition, when more than one UL carriers are available, NR RA-RNTI should be a function of UL carrier index.
Proposal 8: To fulfill the 10 ms C-plane latency requirement for some UEs, non-slot based transmission of PDSCH for Msg2, PUSCH for Msg3 and PDSCH for Msg4 with a minimum CORESET monitoring periodicity [125us] should be specified.
Proposal 9: NR supports multiple minimum time gap between Msg2 and Msg3 for different service types. 
Proposal 10: NR supports at least 2 bits UL delay field to improve the timing flexibility for Msg3 transmission. NR UL delay field can be sent in the MAC header of Msg2 to reduce the scheduling overhead. 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]
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Appendix A Random access configuration for NR preamble formats with sequence length 839

[bookmark: _Ref493924045]Table 3 PRACH configuration for NR preamble formats with sequence length 839
	PRACH Configuration
Index
	Preamble Format
	System frame number
	Subframe number
	PRACH Configuration
Index
	Preamble Format
	System frame number
	Subframe number

	0
	0
	SFN % 8 = 0
	1
	32
	2
	SFN % 8 = 0
	1

	1
	0
	SFN % 8 = 0
	6
	33
	2
	SFN % 8 = 0
	6

	2
	0
	SFN % 4 = 0
	1
	34
	2
	SFN % 4 = 0
	1

	3
	0
	SFN % 4 = 0
	6
	35
	2
	SFN % 4 = 0
	6

	4
	0
	SFN % 2 = 0
	1
	36
	2
	SFN % 2 = 0
	1

	5
	0
	SFN % 2 = 0
	6
	37
	2
	SFN % 2 = 0
	6

	6
	0
	Any
	1
	38
	2
	Any
	1

	7
	0
	Any
	6
	39
	2
	Any
	6

	8
	0
	Any
	1, 6
	40
	2
	Any
	1, 6

	9
	0
	Any
	2, 7
	41
	2
	Any
	2, 7

	10
	0
	Any
	1, 4, 7
	42
	N/A
	N/A
	N/A

	11
	0
	Any
	2, 5, 8
	43
	N/A
	N/A
	N/A

	12
	0
	Any
	0, 2, 4, 6, 8
	44
	N/A
	N/A
	N/A

	13
	0
	Any
	1, 3, 5, 7, 9
	45
	N/A
	N/A
	N/A

	14
	0
	Any
	0, 1, 2, 3, 4, 6, 7, 8, 9, 9
	46
	N/A
	N/A
	N/A

	15
	0
	SFN % 2 = 0
	9
	47
	2
	SFN % 2 = 0
	9

	16
	1
	SFN % 8 = 0
	1
	48
	3
	SFN % 8 = 0
	1

	17
	1
	SFN % 8 = 0
	6
	49
	3
	SFN % 8 = 0
	6

	18
	1
	SFN % 4 = 0
	1
	50
	3
	SFN % 4 = 0
	1

	19
	1
	SFN % 4 = 0
	6
	51
	3
	SFN % 4 = 0
	6

	20
	1
	SFN % 2 = 0
	1
	52
	3
	SFN % 2 = 0
	1

	21
	1
	SFN % 2 = 0
	6
	53
	3
	SFN % 2 = 0
	6

	22
	1
	Any
	1
	54
	3
	Any
	1

	23
	1
	Any
	6
	55
	3
	Any
	6

	24
	1
	Any
	1, 6
	56
	3
	Any
	1, 6

	25
	1
	Any
	2, 7
	57
	3
	Any
	2, 7

	26
	1
	Any
	1, 4, 7
	58
	3
	Any
	1, 4, 7

	27
	1
	Any
	2, 5, 8
	59
	3
	Any
	2, 5, 8

	28
	N/A
	N/A
	N/A
	60
	3
	Any
	0, 2, 4, 6, 8

	29
	N/A
	N/A
	N/A
	61
	3
	Any
	1, 3, 5, 7, 9

	30
	N/A
	N/A
	N/A
	62
	3
	Any
	0, 1, 2, 3, 4, 6, 7, 8, 9, 9

	31
	1
	SFN % 2 = 0
	9
	63
	3
	SFN % 2 = 0
	9





Appendix B Random access configuration for NR preamble formats with sequence length 127/139

[bookmark: _Ref493924043]Table 4 PRACH configuration for NR preamble formats with sequence length 127/139
	PRACH Configuration
Index
	Preamble Format
	System frame number
	Subframe number
	PRACH Configuration
Index
	Preamble Format
	System frame number
	Subframe number

	0
	A0
	SFN % 8 = 0
	7
	32
	A2/B2
	SFN % 8 = 0
	6, 7, 8, 9

	1
	A0
	SFN % 8 = 0
	9
	33
	A2/B2
	SFN % 8 = 1
	6, 7, 8, 9

	2
	A0
	SFN % 4 = 0
	7
	34
	A2/B2
	SFN % 4 = 0
	6, 7, 8, 9

	3
	A0
	SFN % 4 = 0
	9
	35
	A2/B2
	SFN % 4 = 1
	6, 7, 8, 9

	4
	A0
	SFN % 2 = 0
	7
	36
	A2/B2
	SFN % 2 = 0
	6, 7, 8, 9

	5
	A0
	SFN % 2 = 0
	9
	37
	A2/B2
	SFN % 2 = 1
	6, 7, 8, 9

	6
	A0
	Any
	7
	38
	A2/B2
	Any
	N/A

	7
	A0
	Any
	9
	39
	A2/B2
	Any
	N/A

	8
	A0
	Any
	6, 7
	40
	C2
	SFN % 16 = 0
	6, 7, 8, 9

	9
	A0
	Any
	8, 9
	41
	C2
	SFN % 16 = 1
	6, 7, 8, 9

	10
	C0
	SFN % 8 = 0
	7
	42
	C2
	SFN % 8 = 0
	6, 7, 8, 9

	11
	C0
	SFN % 8 = 0
	9
	43
	C2
	SFN % 8 = 1
	6, 7, 8, 9

	12
	C0
	SFN % 4 = 0
	7
	44
	C2
	SFN % 4 = 0
	6, 7, 8, 9

	13
	C0
	SFN % 4 = 0
	9
	45
	C2
	SFN % 4 = 1
	6, 7, 8, 9

	14
	C0
	SFN % 2 = 0
	7
	46
	C2
	SFN % 2 = 0
	6, 7, 8, 9

	15
	C0
	SFN % 2 = 0
	9
	47
	C2
	SFN % 2 = 1
	6, 7, 8, 9

	16
	C0
	Any
	7
	48
	C2
	Any
	N/A

	17
	C0
	Any
	9
	49
	C2
	Any
	N/A

	18
	C0
	Any
	6, 7
	50
	A3/B3
	SFN % 16 = 0
	6, 7, 8, 9

	19
	C0
	Any
	8, 9
	51
	A3/B3
	SFN % 16 = 1
	6, 7, 8, 9

	20
	A1/B1
	SFN % 8 = 0
	6, 7
	52
	A3/B3
	SFN % 8 = 0
	6, 7, 8, 9

	21
	A1/B1
	SFN % 8 = 0
	8, 9
	53
	A3/B3
	SFN % 8 = 1
	6, 7, 8, 9

	22
	A1/B1
	SFN % 4 = 0
	6, 7
	54
	A3/B3
	SFN % 4 = 0
	6, 7, 8, 9

	23
	A1/B1
	SFN % 4 = 0
	8, 9
	55
	A3/B3
	SFN % 4 = 1
	6, 7, 8, 9

	24
	A1/B1
	SFN % 2 = 0
	6, 7
	56
	A3/B3
	SFN % 2 = 0
	6, 7, 8, 9

	25
	A1/B1
	SFN % 2 = 0
	8, 9
	57
	A3/B3
	SFN % 2 = 1
	6, 7, 8, 9

	26
	A1/B1
	Any
	6, 7
	58
	B4
	SFN % 16 = 0
SFN % 16 = 1
	6, 7, 8, 9
6, 7, 8, 9

	27
	A1/B1
	Any
	8, 9
	59
	B4
	SFN % 16 = 2
SFN % 16 = 3
	6, 7, 8, 9
6, 7, 8, 9

	28
	A1/B1
	Any
	N/A
	60
	B4
	SFN % 8 = 0
SFN % 8 = 1
	6, 7, 8, 9
6, 7, 8, 9

	29
	A1/B1
	Any
	N/A
	61
	B4
	SFN % 8 = 2
SFN % 8 = 3
	6, 7, 8, 9
6, 7, 8, 9

	30
	A2/B2
	SFN % 16 = 0
	6, 7, 8, 9
	62
	B4
	SFN % 4 = 0
SFN % 4 = 1
	6, 7, 8, 9
6, 7, 8, 9

	31
	A2/B2
	SFN % 16 = 1
	6, 7, 8, 9
	63
	B4
	SFN % 4 = 2
SFN % 4 = 3
	6, 7, 8, 9
6, 7, 8, 9



B.1 Candidate slot position 
Example is shown in Figure 1. 




Appendix C LTE-Advanced transition steps
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