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1	Introduction
[bookmark: _Hlk510828410]In this contribution, we discuss the following points regarding the RACH procedure: 
· Default search space for RAR
· Two different Msg3 sizes (for reply LS to RAN2)
· Scaling factor for RAR TBS determination
· PRACH MASK index (for reply LS to RAN2)
There has been agreement in RAN1#90b to support only Single Msg1 for Rel 15 for contention based random access (CBRA). Our views on multiple preambles for contention-free random access (CFRA) are discussed in [3].
[bookmark: _Ref178064866]2	Discussion
2.1	Default Search Space for RACH procedure
In RAN1#92bis, the following offline discussion was held:
· In next meeting, RAN1 discusses whether or not to design a new default search space for Msg 2/3/4. 
· Following alternatives are considered while re-designing default search space of Msg 2/3/4:
· Alt A: Use symbol 0 : (X-1) in every slot within the window
· X is determined based on duration of Msg 2/3/4 CORESET
· Alt B: Use first symbol index symbol locations within a slot from RMSI search space, configured in MIB, but apply it in every slot
· In case there are multiple search spaces sets in a slot, (corresponding to different SSBs), a UE monitors only one is monitored
· FFS: Which one
· Alt 1: The search space set associated with SSB used for corresponding Msg1 transmission
· Alt 2: The search space with the smallest first symbol index within a slot
· Alt 3: search space depends on RA-RNTI
· Other alternatives are not precluded.
· How to handle the scenario when a search space overlaps in time with an actually transmitted SSB other than the SSB used for corresponding Msg1 transmission
· If a search space overlaps in time with UL part, the search space in that particular slot is invalid
According to current specification, Type1 CSS for RACH procedure (RAR/Msg3 retransmission/Msg4) can be configured in SIB1. If not configured in SIB1, then, Type0 CSS is used as the default search space for RACH procedure. According to section 13 in 38.213, for Type0 CSS the PDCCH occasions (monitoring window) associated to a certain SSB according to pdcch-ConfigSIB1 occur every 20 ms (multiplexing pattern 1) or with the SS periodicity (multiplexing pattern 2 or 3, can be up to 160ms). As defined in section 8.2 in 38.213, the RAR window starts at the first available PDCCH occasion after the Msg1. This implies that if Type0-PDCCH CSS is used as the search space for RAR, the delay between MSG1 and the start of the RAR window can be up to 20 ms (pattern 1) and the SS periodicity (patterns 2 and 3). To solve this delay issue, reconfiguring Type1 CSS in SIB1 would in practice always be needed. Given that the default search space is not very useful, it is better to define a new default to avoid always having to add the ~50 bits needed in SIB1 for the reconfiguration.
[bookmark: _Ref190406817][bookmark: _Toc226862296][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc513844372]A new default search space for RACH procedure should be designed.
Type0-PDCCH CSS is defined in section 13, TS 38.213, and summarized as follows:
For Pattern 1: the PDCCH monitoring occasions are defined in Table 13-11 for FR1 and Table 13-12 for FR2 in TS 38.213
· Monitoring periodicity: 20ms
· Monitoring window: two consecutive slots
· Monitoring occasions with the slot: some examples are shown below based on table 13-11
[image: ]
For Pattern 2: the PDCCH monitoring occasions are defined in Table 13-13 and Table 13-14 in TS 38.213
· Monitoring periodicity: SSB periodicity
· Monitoring window: one slot
· Monitoring occasions with the slot is shown below
[image: ]
For Pattern 3: the PDCCH monitoring occasions are defined in Table  13-15 in TS 38.213
· Monitoring periodicity: SSB periodicity
· Monitoring window: one slot
· Monitoring occasions with the slot is shown below
[image: ]
Based on the above analysis, we can see that for each SSB index, there is at most one Type0 CSS set per slot within its corresponding monitoring window. Therefore, we propose that the new default SS for RACH procedure reuses the type0 CSS monitoring configuration within a slot, i.e., the first symbol index and the number of symbols for defining a PDCCH monitoring occasion within a monitoring slot, and then apply it in every slot.
[bookmark: _Toc513844373]The default search space for the RACH procedure and type0-PDCCH CSS share the same configuration except having different periodicities. The monitoring periodicity for the new default search space for the RACH procedure is one slot. 
For detecting type1-PDCCH, a UE can assume that the PDCCH is QCLed with the SSB used for msg1 transmission. If the new default type1-PDCCH CSS overlaps with a different SSB transmission, then, the QCL assumption does not hold any longer, that can result in a failure of decoding msg2/msg3-rx/msg4. 
In the scenario when a SS overlaps in time with an actually transmitted SSB other than the SSB used for corresponding msg1 transmission, the UE should assume that the SSB overlapped with default search space is not actually transmitted when monitoring this default search space if the actually transmitted SSB positions are not known, which is same assumption as that for search space 0. But if SIB1 has already been decoded and UE knows this SSB is transmitted based on the SSB transmission bit map, then UE shall not monitor the default search space overlapped with this SSB in that slot.
[bookmark: _Toc513844374]UE should assume that the SSB overlapped with default search space is not transmitted when monitoring the new default search space for RACH procedure if the actually transmitted SSB is not known. If SIB1 has already been decoded and the UE knows that the SSB is transmitted based on the SSB transmission bit map, then, the UE shall not monitor the default search space overlapped with this SSB in that slot.
[bookmark: _Toc513844375]This new default search space is proposed to be used for the RACH procedure, Paging, OSI. 
2.2	Two different Msg3 sizes (for reply LS to RAN2)
RAN2 sent an LS to RAN1 [4] on maximum MSG3 size that can be supported in NR. Based on the simulations provided in [7], RAN1 replied in [6] during RAN1#92bis making the following observations:
· ‘Msg.3 TB size larger than 56 bits for NR has a risk of reducing the coverage of Msg.3 PUSCH compared to LTE Msg.3 PUSCH
This led to RAN2 sending an LS back to RAN1 [8] regarding support of two different MSG3 sizes, specifically 7 bytes and 9 bytes Msg3 for RRCConnectionRequest and RRCConnectionResumeRequest respectively. 
RAN1’s concerns were that having a 9-byte payload will reduce coverage compared to the 7-byte payload of LTE. In this section, we show that relying on HARQ retransmissions or using Msg3 repetitions(slot aggregation), we can improve coverage of Msg3. Table 2 provides the normalized SNR at 10% block error rate for different MSG3 repetitions/HARQ retransmission values. It can be observed that 1 repetition/retransmission of 9 bytes, has better coverage than 7 bytes with no retransmission. Detailed simulation parameters and results are provided in in the appendix. 
[bookmark: _Toc513844353]Msg3 with 9 bytes payload with 1 retransmission achieves better coverage than 7 bytes Msg3 payload with no retransmission at the cost of increased physical layer latency. 
[bookmark: _Toc513844354]Repetitions of MSG3 provides in most of the scenarios the same coverage enhancement as HARQ-retransmissions without the added latency. 
We used BW-normalized SNR in order to make a fair comparison for different number of PRBs. We limit the maximum output power and spread it evenly across the allocated PRBs. SNR and BW-nromalzied SNR are related by BW-normalizedSNR= SNR +10log10(numPRBs). BLER and Throughput curves will shift with 10log10(numPRBs) to the right when we use BW-normalized SNR as metric. For a given Msg3 payload, we selected (MCS, PRB) pair that achieves the best normalized SNR.

	Normalized SNR (dB) @10% BLER for different MSG3 repetitions/retransmissions
	0 
	1
	2
	3

	7 bytes (MCS0, 2 PRBs)
	1.10
	-2.49
	-4.48
	-5.75

	8 bytes (MCS3, 1 PRB)
	1.85
	-2.27
	-4.24
	-5.65

	9 bytes (MCS4, 1 PRB)
	2.30
	-1.94  
	-4.01
	-5.27 

	10 bytes (MCS1, 2 PRBs)
	2.23
	-1.48
	-3.65
	-4.90


[bookmark: _Ref510794218]
Table 1 BW-normalized SNR at 10% BLER for Msg3 payload of 7 and 9 bytes, repetitions/retransmissions of {0, 1, 2, 3}. BW normalization to make sure that one output power is used from UE and power scaled depending on how many PRBs used.
PUSCH repetitions or slot aggregation is supported in NR, but currently not for Msg3 PUSCH. Section 6.1.2 38.214 states that:
· [bookmark: _Hlk505671590]When the UE is configured with aggregationFactorUL > 1, the same symbol allocation is applied across the aggregationFactorUL consecutive slots and the PUSCH is limited to a single transmission layer. The UE shall repeat the TB across the aggregationFactorUL consecutive slots applying the same symbol allocation in each slot.
In section 6.3.2 of 38.331, this aggregation factor is defined as 
· ‘pusch-AggregationFactor				ENUMERATED { n2, n4, n8 }	’
However, we cannot use pusch-AggregationFactor for Msg3 as this is signalled to UE after initial access using dedicated RRC signalling. 
For NR, it is proposed that slot aggregation is also supported for MSG3 PUSCH and that this aggregation factor be signaled in 2 of the 3 reserved bits in RAR payload. Due to time constraints to finalize Rel-15, we propose that similar structure as in normal PUSCH be used for Msg3 repetitions. More details regarding the control channel aspects are in our accompanying paper [10]. RAN2 related aspects related to aggregation are discussed in [11][12].

[bookmark: _Toc513656034][bookmark: _Toc513844376]To support 9 bytes Msg3 payload with same coverage as 7 bytes Msg3 payload while avoiding the latency suffered due to HARQ retransmissions, NR should support repetition of Msg3. 
[bookmark: _Toc513844377]Due to time constraints to finalize Rel-15, we propose that similar structure as in normal PUSCH be used for Msg3 repetitions, wherever possible. 
[bookmark: _Toc513844378]2 of the 3 reserved bits of RAR can indicate the aggregationFactor of {2,4,8} to indicate to the UE how many repetitions UE should use. 
Looking at the typical payloads considered by RAN2, the frequency allocation table can be designed accordingly to make sure the typical Msg3 payload can be robustly received. Based on our RAN2 contributions [11][12], a frequency allocation table was derived and is discussed in companion contributions [10][13] handled in scheduling/HARQ session. 
An accompanying reply LS to RAN2 has been drafted in [9] . 
2.3	Reply to LS from RAN2 on the design of PRACH table index
RAN2 sent and LS to RAN1 in [1] regarding the design of PRACH table. In the LS, RAN2 has made the following agreement on the design of the PRACH table.
· We confirm that we do have a PRACH mask index
· The PRACH table for RRC signalling should be applicable for all the SSBs.
· The PRACH mask is 4 bits, and is used for both RRC and PDCCH order. 
· The PRACH mask indicates 16 indices in the PRACH table. Within the table: (a) one index for all the RACH-Occasions; (b) 8 indices for 8 RACH-Occasions; (c) 1 index for the even number of RACH-Occasions and 1 index for the odd number of RACH-Occasions.
The table provide by RAN2 for the PRACH mask index is copied below.
	PRACH mask Index
	Allowed RACH occasion

	0
	All

	1
	RACH occasion index 1

	2
	RACH occasion index 2

	3
	RACH occasion index 3

	4
	RACH occasion index 4

	5
	RACH occasion index 5

	6
	RACH occasion index 6

	7
	RACH occasion index 7

	8
	RACH occasion index 8

	9
	Every even RACH occasion

	10
	Every odd RACH occasion

	11
	reserved

	12
	reserved

	13
	reserved

	14
	reserved

	15
	reserved



[bookmark: _Hlk510801372]RAN2 asks RAN1 to increase the number of bits to indicate the relative RACH occasion index from 3 bits to 4 bits and adopt the name “PRACH mask index” instead of “relative PRACH occasion index”.
It should be clarified that the PRACH mask index is used to indicate the available PRACH occasions within the SSB to RACH occasion mapping period. For example, if signal PRACH mask index 0 is signalled, it indicates that the UE is allowed to transmit PRACH in all the available RACH occasions for the associated SSB. 
[bookmark: _Toc513844355]It should be clarified that the allowed RACH occasions indicated by the PRACH mask index are the available RACH occasions within the SSB to RO mapping period for the associated SSB.
Increasing the number of bits from 3 to 4 to indicate the allowed RACH occasion provides the possibility for UE to use all or every even/odd ROs (when mask index is set to be 0, 9 or 10, respectively) other than one dedicated RO for PRACH transmission. When mask index indicating non-dedicated ROs, if there are multiple ROs on frequency domain for UE to transmit PRACH, the UE will randomly select one of the RO in this case.   
[bookmark: _Toc513844356]When configuring PRACH mask index with a value of 0, 9 or 10, if there are multiple ROs on frequency domain for UE to transmit PRACH, the UE will randomly select one of the ROs for PRACH transmission.
 
[bookmark: _Hlk513648341][bookmark: _Toc513844379]RAN1 supports RAN2’s agreements on the design of PRACH table and on increasing the number of bits from 3 to 4 to indicate the RACH occasions for PRACH transmission. 
A reply LS has been drafted in [2].
2.4	Scaling factor for RAR TBS determination
In RAN1 #92bits meeting, below agreements were met regarding the scaling factors applied for TBS determination:
Agreements:
· For PDSCH scheduled by P-RNTI (working assumption), and RA-RNTI, scaling factor is applied in the calculation of Ninfo of TBS determination 
· (Working assumption) values of scaling factor: 1, ½, ¼
· FFS the possibility of adding another value, e.g., 1/8 or 1/16
In section 2.3 of [4], small payload PDSCH shows worse performance. And more than 5dB gain can be achieved with a scaling factor of ¼ compared to the performance of scaling factor of 1, and the SNR @10%BLER is better  than -6dB which is the general performance result of SSB.
[bookmark: _Toc510795006][bookmark: _Toc510798282][bookmark: _Toc510798307][bookmark: _Toc510798569][bookmark: _Toc510798585][bookmark: _Toc510800946][bookmark: _Toc510801117][bookmark: _Toc510804510][bookmark: _Toc510804541][bookmark: _Toc510804818][bookmark: _Toc510805001][bookmark: _Toc510805215][bookmark: _Toc510806634][bookmark: _Toc510830510][bookmark: _Toc513844357]A scaling factor of ¼ is enough to improve the performance of PDSCH carrying small payload size 
 
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	Msg3 with 9 bytes payload with 1 retransmission achieves better coverage than 7 bytes Msg3 payload with no retransmission at the cost of increased physical layer latency.
Observation 2	Repetitions of MSG3 provides in most of the scenarios the same coverage enhancement as HARQ-retransmissions without the added latency.
Observation 3	It should be clarified that the allowed RACH occasions indicated by the PRACH mask index are the available RACH occasions within the SSB to RO mapping period for the associated SSB.
Observation 4	When configuring PRACH mask index with a value of 0, 9 or 10, if there are multiple ROs on frequency domain for UE to transmit PRACH, the UE will randomly select one of the ROs for PRACH transmission.
Observation 5	A scaling factor of ¼ is enough to improve the performance of PDSCH carrying small payload size
[bookmark: _GoBack]Based on the discussion in the previous sections we propose the following:
Proposal 1	A new default search space for RACH procedure should be designed.
Proposal 2	The default search space for the RACH procedure and type0-PDCCH CSS share the same configuration except having different periodicities. The monitoring periodicity for the new default search space for the RACH procedure is one slot.
Proposal 3	UE should assume that the SSB overlapped with default search space is not transmitted when monitoring the new default search space for RACH procedure if the actually transmitted SSB is not known. If SIB1 has already been decoded and the UE knows that the SSB is transmitted based on the SSB transmission bit map, then, the UE shall not monitor the default search space overlapped with this SSB in that slot.
Proposal 4	This new default search space is proposed to be used for the RACH procedure, Paging, OSI.
Proposal 5	To support 9 bytes Msg3 payload with same coverage as 7 bytes Msg3 payload while avoiding the latency suffered due to HARQ retransmissions, NR should support repetition of Msg3.
Proposal 6	Due to time constraints to finalize Rel-15, we propose that similar structure as in normal PUSCH be used for Msg3 repetitions, wherever possible.
Proposal 7	2 of the 3 reserved bits of RAR can indicate the aggregationFactor of {2,4,8} to indicate to the UE how many repetitions UE should use.
Proposal 8	RAN1 supports RAN2’s agreements on the design of PRACH table and on increasing the number of bits from 3 to 4 to indicate the RACH occasions for PRACH transmission.
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Appendix: Simulation Parameters and results for Msg3 size
	Parameter
	Value

	Channel Model
	TDL-C

	Numerology
	15KHz

	Carrier frequency
	2GHz

	Transmission Slot Length
	14 symbols

	Transmission mode
	FDD

	Number of UE
	1

	UE speed
	15km/h

	Delay spread
	300ns 

	Link Adaptation
	Disabled

	Antenna configuration
	2 receive antennas at eNB and 1 transmit antenna at UE

	MIMO Layers
	1

	Channel estimator
	DCT-based LMMSE

	PRB bundled size
	4 PRBs

	DMRS
	1+1+1 Type 1 configuration, and 11 symbols for data. Power boosting performed

	Waveform
	OFDM
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Figure 1: BLER as a function of BW-normalized SNR for parameters indicated in Table for different repetitions/retransmissions of Msg3 payload of 7 bytes
[image: ]
Figure 2: BLER as a function of BW-normalized SNR for parameters indicated in Table for different repetitions/retransmissions of Msg3 payload of 8 bytes
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Figure 3: BLER as a function of BW-normalized SNR for parameters indicated in Table for different repetitions/retransmissions of Msg3 payload of 9 bytes
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Figure 4: BLER as a function of BW-normalized SNR for parameters indicated in Table for different repetitions/retransmissions of Msg3 payload of 10 bytes
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