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Background
In RAN1#106bis-e meeting, several agreements were made for msg3 PUSCH repetition. We discuss remaining issues for this meeting.
Indication of the number of repetitions
In RAN1#106bis-e meeting [1], the following agreement was made for rate-matching and data/control multiplexing.
	Working Assumption 
Down-select only one from the following methods for indication of the number of repetitions of Msg3 initial transmission.
· Alt 1: If TDRA information field is chosen, Option 2 is supported. 
·   The candidate values for repetition factor could be chosen from {[1], 2, 3, 4, 7, 8, [12], [16]} 
· Alt 2: If MCS information field is chosen, repurpose the MCS information field as follows.
· 2 MSB bits of the MCS information field are used for selecting one repetition factor from a SIB1 configured set with 4 candidate values.
·  The set of candidate values for repetition factor could be chosen from {[1], 2, 3, 4, 7, 8, [12], [16]}
Note: Whether ‘1’ is included depends on the outcome of interpretation of the selected information field.




Concerns for Alt 1 is SIB1 overhead and flexibility in TDRA. On the other hand, the agreed option for Alt 1 reduces SIB1 overhead by adopting indication of row index (4 bits) which indicates one of the legacy TDRA tables on behalf of explicit indication of K2, mapping type and SLIV. Therefore, we don’t think the SIB1 overhead cannot be a metric for down-selection from Alt 1 and 2.
Given that 14 symbol or 12 symbol allocation should be a primary focus for coverage enhancement, we are not sure what extent the TDRA should be flexible for msg3 repetition. One of the reasons is that, in most cases, 72 bits TBS for RRC resume request cannot be obtained with the agreed evaluation assumption in the study phase. Table 1 below summarizes the TBS for each configuration with 2 PRBs which is agreed as assumption for Link budget study. In below, PUSCH mapping type B is assumed for 2 symbol allocation and PUSCH mapping type A is assumed for others.
Table 1: TBS for 2 PRBs
	TBS
	2 OS
	4 OS
	6 OS
	8 OS
	10 OS
	12 OS
	14 OS

	MCS 0
	24
	24
	24
	32
	32
	48
	56

	MCS 1
	24
	24
	32
	40
	48
	64
	80

	MCS 2
	24
	24
	40
	48
	56
	80
	96

	MCS 3
	24
	32
	56
	64
	80
	104
	128

	MCS 4
	24
	40
	72
	80
	96
	128
	152

	MCS 5
	24
	48
	88
	104
	120
	152
	192

	MCS 6
	24
	56
	104
	120
	144
	184
	224



As shown in Table 1, 2 to 8 symbol allocation cannot support 72 bits TBS for RRC resume request with 2 PRBs with MCS index smaller than 4. Since Alt 2 limits MCS 0 to 3 for msg3 PUSCH transmission, 2 to 8 symbol allocation is not an appropriate configuration. Therefore, we shouldn’t consider optimization for 2 to 8 symbol allocation in Alt 1 and Alt 2.
Observation 1: With 2 PRBs, 2 to 8 symbol allocation cannot support 72 bits TBS for RRC resume request with 2 PRBs with MCS index smaller than 4.
Proposal 1: Optimization for 2 to 8 symbol allocation shouldn’t be considered in Rel-17.
Although 1 PRB allocation is not in the baseline assumption [2], it is beneficial to allocate only 1 PRB for msg3 PUSCH repetition. However, as shown in Table 2 below, 1 PRB allocation has clear problem for scheduling 56 bits TBS for RRC setup request and 72 bits TBS for RRC resume request with MCS 0 to 3. Therefore, Alt 2 with 1 PRB allocation has an issue on scheduling msg3 with 56/72 bits TBS.
Observation 2: Alt 2 with 1 PRB allocation has an issue on scheduling msg3 with 56/72 bits TBS.
Table 2: TBS for 1 PRB
	TBS
	2 OS
	4 OS
	6 OS
	8 OS
	10 OS
	12 OS
	14 OS

	MCS 0
	24
	24
	24
	24
	24
	24
	24

	MCS 1
	24
	24
	24
	24
	24
	32
	40

	MCS 2
	24
	24
	24
	24
	24
	40
	48

	MCS 3
	24
	24
	24
	32
	40
	48
	64

	MCS 4
	24
	24
	32
	40
	48
	64
	72

	MCS 5
	24
	24
	40
	48
	56
	72
	96

	MCS 6
	24
	24
	48
	56
	72
	88
	112



Since 1 PRB allocation is not in the baseline assumption, whether 1 PRB allocation is within the scope of this WI or not should be studied. Therefore, we provide MPL results in Table 3 for a case of 4 repetitions with different length. The detailed assumption is in the Appendix.
Table 3: MPL values
	MPL [dB]
	72 bits
	144 bits
	208 bits

	Option 1, L=14
	122.06
	120.02
	118.89

	Option 2, L=14
	121.93
	120.23
	119.08

	Gap
	0.13
	-0.21
	-0.19

	Option 1, L=12
	121.35
	119.30
	117.97

	Option 2, L=12
	119.92
	119.43
	117.92

	Gap
	-1.43
	-0.13
	0.05



In our evaluation, no much difference is observed between Option 1 and Option 2. Therefore, 1 RB allocation requires coverage enhancement technique as well as 2 RB allocation.
Observation 3: 1 RB allocation requires coverage enhancement technique.
Proposal 2: Repetition factor indication is via TDRA information field.
Counting based on available slots
In RAN1#106bis-e meeting [1], the following agreements were made for TDRA configuration for TBoMS.
	Agreement
The Rel-15/16 Msg3 PUSCH collision handling rules are reused for transmission of Msg3 PUSCH repetition in an available slot.
 FFS whether collision with downlink symbols indicated by tdd-UL-DL-ConfigurationDedicated is an exceptional case, i.e., Msg3 PUSCH repetition cannot be canceled by downlink symbols indicated by tdd-UL-DL-ConfigurationDedicated in Rel-17.
 FFS: Rel-17 Msg3 PUSCH collision rules are also applied if introduced in other WI(s)




Figure 1 shows an example of configuring a pattern that is not possible only by tdd-UL-DL-ConfigurationCommon. If the gNB wants to operate with multiple UL/DL switching points as in Figure 1(b) within a short duration (e.g., 5 slots), reconfiguration of cell-specific configuration by tdd-UL-DL-ConfigurationDedicated is required. It should be noted that, if cell-specific flexible slots are reconfigured to a UL/DL switching point, the flexible slots are not available for PUSCH repetition. Therefore, for msg3 repetition, such a flexible slot should be unavailable.
It is clear that, if the UE is required to refer to tdd-UL-DL-ConfigurationDedicated, the UE in RRC_CONNECTED state will determine slots with flexible symbols (slot#2,3,7,8) as unavailable while the UE in RRC_IDLE state will determine the slots as available. From the network perspective, such ambiguity should not be allowed. Therefore, we propose,
Proposal 3: Msg3 PUSCH repetition cannot be cancelled by downlink symbols indicated by tdd-UL-DL-ConfigurationDedicated in Rel-17.
With the above proposal incorporated with other agreements, we can conclude that, omission (dropping) procedure in Step 2 for counting based on available slot is not necessary for msg3 repetition.
Proposal 4: In msg3 repetition, omission (dropping) procedure in Step 2 for counting based on available slot is not necessary.


Figure 1: An example of Cell-specific and UE-specific TDD pattern
Other remaining issues
1.1. Additional DMRS configuration
	Conclusion 
There is no consensus to additionally support intra-slot frequency hopping for Msg3 PUSCH with repetition in Rel-17. 
Note: intra-slot FH is supported when a UE is scheduled Msg3 PUSCH without repetition.




In Rel-16 specification, for additional DMRS configuration, it is specified that ‘pos2’ should be assumed for msg3 PUSCH without intra-slot hopping and ‘pos1’ should be assumed for msg3 PUSCH with intra-slot frequency hopping. Therefore, additional DMRS configuration should be specified for inter-slot frequency hopping. In our understanding, ‘pos2’ should be used for inter-slot frequency hopping.
Proposal 5: ‘pos2’ for additional DMRS configuration is assumed for msg3 PUSCH repetition with inter-slot frequency hopping.
Conclusion
In this contribution, we have the following observations:
Observation 1: With 2 PRBs, 2 to 8 symbol allocation cannot support 72 bits TBS for RRC resume request with 2 PRBs with MCS index smaller than 4.
Observation 2: Alt 2 with 1 PRB allocation has an issue on scheduling msg3 with 56/72 bits TBS.
[bookmark: _GoBack]Observation 3: 1 RB allocation requires coverage enhancement technique.
In this contribution, we have the following proposals:
Proposal 1: Optimization for 2 to 8 symbol allocation shouldn’t be considered in Rel-17.
Proposal 2: Repetition factor indication is via TDRA information field.
Proposal 3: Msg3 PUSCH repetition cannot be cancelled by downlink symbols indicated by tdd-UL-DL-ConfigurationDedicated in Rel-17.
Proposal 4: In msg3 repetition, omission (dropping) procedure in Step 2 for counting based on available slot is not necessary.
Proposal 5: ‘pos2’ for additional DMRS configuration is assumed for msg3 PUSCH repetition with inter-slot frequency hopping.
Appendix
Table A1 provides configuration details for Option 1 and Option 2 with L=14. Table A2 provides those with L=12.
Table A1: Configuration details for Option 1 and Option 2 with L=14
	
	72 bits
	144 bits
	208 bits

	
	PRBs
	MCS#
	PRBs
	MCS#
	PRBs
	MCS#

	Option 1 
	1
	4
	2
	4
	2
	6

	Option 2
	2
	1
	4
	1
	5 
	1



Table A2: Configuration details for Option 1 and Option 2 with L=12
	
	72 bits
	144 bits
	208 bits

	
	PRBs
	MCS#
	PRBs
	MCS#
	PRBs
	MCS#

	Option 1 
	1
	5
	2
	5
	2
	7

	Option 2
	5
	0
	6
	0
	7
	1



Table A3 shows detailed simulation assumption. Most of the parameters are inherited from those in TR38.830 [2].
Table A3: Simulation assumptions
	Carrier frequency
	4 GHz

	Frame structure
	TDD, DDDSU

	Subcarrier spacing
	30 kHz

	Channel model
	TDL-C, DS = 363 ns

	Number of Tx/Rx
	1/2

	UE speed
	3 km/h

	BWP size
	50 PRBs

	Waveform
	DFT-s-OFDM

	Number of repetitions
	4

	RV sequence
	0,2,3,1

	Channel estimation
	2D-MMSE

	Decoder
	NR LDPC with sum-product algorithm (50 iterations)
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