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[bookmark: _Ref178064866]Introduction
· The following agreements were made related to the RAR window:
Agreements in RAN1#87ah:
For 4-step RACH procedure, 
· NR at least supports transmission of a single Msg.1 before the end of a monitored RAR window
· NR 4-step RACH procedure design should not preclude multiple Msg.1 transmissions until the end of RAR window if need arises
Agreements in RAN1#88:
· Following is baseline UE behavior 
· UE assumes single RAR reception at a UE within a given RAR window
· NR random access design should not preclude UE reception of multiple RAR within a given RAR window, if need arises
Agreements in RAN1#90:
· For single Msg1 RACH, the RAR window starts from the first available CORESET after a fixed duration from the end of Msg1 transmission
· The fixed duration is X T_s
· X is the same for all RACH occasions
· FFS: whether CORESET starting position is aligned with slot boundary
· FFS: the value of X
· FFS: whether X is frequency range dependent
· For a single Msg1 RACH from UE,
· The size of a RAR window is the same for all RACH occasions and is configured in RMSI
· RAR window could accommodate processing time at gNB. 
· Maximum window size depends on worst case gNB delay after Msg1 reception including processing delay, scheduling delay, etc
· Minimum window size depends on duration of Msg2 or CORESET and scheduling delay
· FFS: multiple Msg1 RACH case if supported

Agreements in RAN1#AH3:
· For RAR, X can be supported for the timing gap between the end of MSg1 transmission and the starting position of the CORESET for RAR
· Value of X = ceiling(/(symbol duration))*symbol duration, where the symbol duration is based on the RAR numerology
· Where  is to accommodate sufficient time for UE Tx-Rx switching if needed (e.g., for TDD)
· Note: UE Tx-Rx switching latency is up to RAN4

· The following agreements were made regarding contents of RAR:
Agreements in RAN2#99:
· The following fields are always included in the RAR random access procedures:  RAPID, UL grant, TA, Temporary C-RNTI for all cases other than msg. 1 SI request.
· BI can be included in msg. 2 as in LTE. UE behaviour with respect to backoff is the same as in LTE
Agreements in RAN1#AH3:
· Msg3 is scheduled by the uplink grant in RAR
· 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


· The following agreements were made related to RAR transmission:
Agreements in RAN1#90:
· At least for initial access, RAR is carried in NR-PDSCH scheduled by NR-PDCCH in CORESET configured in RACH configuration
· Note: CORESET configured in RACH configuration can be same or different from CORESET configured in NR-PBCH

Agreements in RAN1#AH3:
· At least for initial access, 
· The PDSCH for RAR is confined within NR UE minimum DL BW for a given frequency band
· The PDSCH for Msg4 is confined within NR UE minimum DL BW for a given frequency band. 
· FFS: If PDSCH for RAR and Msg4 are confined within initial active DL BWP.
Agreements in RAN1#AH3:
· 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


· In RAN1 #89, the following agreements on PRACH power ramping were reached:
Agreements:
· If the UE conducts beam switching, the counter of power ramping remains unchanged
· FFS: UE behavior after reaching the maximum power
· RAN1 will definitely decide above FFS point

Agreements:
· NR does not support to report UE capability of beam correspondence during RACH procedure.
· Note that UE capability of beam correspondence is reported after RACH procedure

· In RAN1 NR AH#2, further agreements on PRACH power ramping were reached:
Agreements:
· The UE calculates the PRACH transmit power for the retransmission at least based on the most recent estimate pathloss and power ramping
· The pathloss is measured at least on the SS block associated with the PRACH resources/preamble subset
· UE behavior when reaching the maximum power
· If the recalculated power is still at or above the Pc,max
· The UE can transmit at maximum power even if it changes its TX beam


· In RAN1 #90, further agreements on PRACH power ramping were reached:
Agreements:
· SS block selection
· It is up to UE implementation how to select the SS block and corresponding PRACH resource for path-loss estimation and (re)transmission based on SS blocks that satisfy threshold(s)
· If UE does not detect a SS block that satisfy threshold(s), it has the flexibility to select any SS block that allows UE to meet the target received power of the RACH preamble with its maximum transmit power
· UE has a flexibility to select its RX beam to find the list of SS blocks that satisfy the threshold(s)
· FFS: whether threshold(s) for SS block selection is configured or fixed in the spec 
· Counter of power ramping when UE changes its selected SS-block in message 1 re-transmission is unchanged
· SS block Tx power and RA Power control
· UE computes pathloss based on ”SS block transmit power” and SS block RSRP
· At least one ”SS block transmist power” value is indicated to UE in RMSI
· FFS: whether and how to support multiple values
· Note: different SS blocks in an SS burst set can be transmitted with different power and/or with different Tx beamforming gain at least as NW implementation
· Maximum Number of PRACH Transmission
· NR supports the total maximum number of transmissions, M (like LTE), per carrier to indicate Random Access problem
· M is NW configurable parameter


· Issues to be discussed further include which SS block the UE should base the selection of the PRACH resources on, and if the UE is allowed to change SS block used for the path loss estimate for retransmission.
In Section 2, we discuss about random access response (RAR), which is message 2 of the 4-step random access channel (RACH) procedure. We discuss our views on multiple preamble transmission in [1]. Configuration of message 3 of RACH will be briefed in Section 3. Power ramping procedure will be described in Section 4. Power settings for Message 3 will be described in Section 5.
This contribution is revised from R1-1716155.
[bookmark: _Ref492049223][bookmark: _Ref492651459][bookmark: _Hlk492650897]Random Access Response
Random access procedure is used for initial system access, transition from idle to active mode, and handover. It is a critical part of an efficient cellular network design. 
A proposed design for the NR 4-step random access procedure is illustrated in Figure 1. Here, two synchronization signals (SS) blocks (SSBs) are transmitted from separate nodes (gNB A and B), and received with a relative timing difference. 
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[bookmark: _Ref485385985]Figure 1 Uplink and downlink synchronization in 4-step initial access procedure 
The UE selects a DL timing reference based on received SS block from gNB A and transmits a NR-RACH preamble based on this DL timing. Both gNB A and gNB B might detect RACH such that gNBs might then transmit RAR or the nodes might be coordinated such that only one of them transmits RAR. In the following, we only describe the case when only gNB B transmits the RAR.
The random access procedure for NR should reuse the main principles of the LTE design. However, since a wider range of deployment scenarios and increased requirements on lean design are expected, some changes to the legacy procedures are necessary. In particular, RACH transmission principles need refinement.  In this contribution Msg2 will be referred as RAR (random access response). 
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The RAR should contain an indication of detected NR-RACH preamble. In LTE, the PDCCH is scrambled by using the RA-RNTI is given by the formula 
RA-RNTI= 1 + t_id+10*f_id
where t_id is the index of the first subframe of the specified RACH (0≤ t_id <10) within one radio frame of 10 ms, and f_id is the index of the specified RACH within that subframe, in ascending order of frequency domain (0≤ f_id< 6).
[bookmark: _Hlk492655404]In NR, the RA-RNTI could be computed in a similar manner but with some modifications. For example the slot should be used in t_id to handle different transmission lengths of sub-carrier spacings. This would also mean the “10” should be replaced by the number of slots in a radio frame for the sub-carrier spacing used. For example with a sub carrier spacing of 120 kHz, there are 80 slots per radio frame.The number of NR-RACH preambles per cell will be most likely needs to be larger than 64, at least for higher carrier frequencies, see discussion in [1]. However, the RAPID within RAR should fit into one octet (8 bits), together with possible extension and type bits. Furthermore, the RAR sub-header carrying the RAPID should be designed in a future proof way, such that modifications are not needed if number of SSBs and thus number of preambles in a cell further increase.
One possible solution would be to include the SSB index into the RA-RNTI. Then the the RAPID would indicate the preamble index in the set of preambles assocciated to one SSB. In this way, the RAPID in the RAR can be kept within a reasonable number of bits. More specifically, it seems be possible to keep the RAPID, extension bit and type field within one octet. However, with a many-to-one association between SSB and RACH preambles, then the gNB cannot identify the best SSB (as detected by UE) based on detected RACH preamble. Instead the gNB will only know the group of SSBs which are assocated to the same set of RACH preambles. If we define an index for each such group of SSBs, assosiated to the same set of RACH preambles, as an “RACH_group_index”, then we can include that assocation group index into the RA-RNTI. 
For example, the RA-RNTI is calculated as
RA-RNTI = 1 + slot_id+ X* RACH_group_index + X*Y*f_id
where 
· X=80, i.e. a design which supports at least 80 slots per frame corresponding to 120 kHz SCS in uplink
· Y=64, i.e. the number of SSBs per SSB burst set 
With a one-to-one association between SSB index and PRACH preambles, then the “RACH_group_index” equals the SSB index. With a many-to-one mapping between SSB and PRACH preambles, then several SSBs are associated with the same set of RACH preambles. The SSBs which are associated with the same set of RACH preambles are then labeled with the same “RACH_group_index”. The UE monitors RAR for a RAR transmitted with an RA-RNTI with the RACH group index in which the detected SSB is included.
[bookmark: _Toc494748571]Define a  index “RACH_group_index” for each such group of SSBs assosiated to the same set of RACH preambles. 
With a RA-RNTI which depends on SSB group index, then only RACH preamble index associated with the same group of SSBs can be multiplexed into the same RAR. This supports beamforming of RAR with the same beamforming as used for the SSB.
An RNTI which depends on RACH groups results in a possibility to send independent Backoff Indicators (BI) in different beams, where each beam corresponds to a group of RACH preambles and thus also to one, or a group of, SSBs.
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Quasi Co-location
SSB and PRACH
Reciprocity (and use of reciprocal spatial QCL) in UE between received SS-block and NR-RACH preamble transmission should not always be used, even if the UE is capable of beam correspondence. Examples are silent nodes, where at least one gNB is not transmitting SS-blocks but can detect NR-RACH preambles, and within heterogeneous networks where the transmit powers differs between several gNBs transmitting SS-blocks, see illustration in Figure 2Error! Reference source not found.. 

[bookmark: _Ref494443814]Figure 2. Heterogeneous network
In these cases, the UE which is transmitting NR-RACH preambles based on beam correspondence and reciprocal spatial QCL from received SS-blocks, might transmit the NR-RACH preamble with a transmit power and with a beamforming in a non-reciprocal direction such that it is not detected at the node with best uplink link budget to the UE. In those scenarios, it is most likely better if the UE transmits the NR-RACH preamble with an as wide beam as possible instead of a narrow beam in the direction in which it received the SS-block. A configuration parameter can be included in a broadcast channel (indicating if the UE should transmit NR-RACH preambles based on reciprocity from received SS-block (if the UE is capable of doing that) or if the UE should use as wide beam as possible. This configuration can be included in Remaining System Information, RMSI, or in any other additional system information provided to UE as part of the RACH configuration.
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 SSB and RAR
[bookmark: _Toc485122758][bookmark: _Toc485148414][bookmark: _Toc494288216]In NR, there are deployment scenarios with possible large timing offsets between received defaults SS block and the RAR NR-PDCCH, where the synchronization signal in SSB may not be suitable for receiving the RAR. These effects are discussed in more detail in [4] where we show that timing and frequency offsets may be created where the NR-PDCCH detection performance will deteriorate. A silent node deployment scenario may cause large timing errors to the closest pico node in the example deployment, also significantly degrading NR-PDCCH reception. Furthermore, spatial transmission patterns may differ. For example, the SS Block could be transmitted using multiple beams (e.g. to support PRACH processing) while the RAR message is sent via a wide PCI-based beam. Thus, in some deployments, NR-PDCCH carrying RAR indication may not be reliably received using the default SSB as the sync source. Since the SS-block might be transmitted by another node as compared to RAR, the UE should in some cases not assume any QCL (Quasi Co-Location) of SS-block and RAR, i.e. the UE may not assume that the SS block and RAR are similar with respect to Doppler shift, Doppler spread, delay spread, average delay, and/or spatial properties.
In [4], a network setup is described where the NW can transmit one or more SSB time indices as a wide-beam or cell-covering transmissions that are QCL (i.e. can be used as the sync reference) for access-related signals (RMSI, RAR, paging, etc.) while remaining time indices can be narrowly beamformed to provide higher-resolution beam direction info during access or to support active mode procedures; they can also be dynamically activated and configured. This is possible since existing agreements allow the NW to flexibly configure SSB transmissions for the different sweep time indices – it is not necessary to use the same beam width or power for all transmissions, or contiguous directions.
[bookmark: _Toc494200098][bookmark: _Toc494440131][bookmark: _Toc494713811][bookmark: _Toc494720340][bookmark: _Toc494723633][bookmark: _Toc494723744][bookmark: _Toc494723792][bookmark: _Toc494748574]NR should support QCL association of RAR signals with suitable subsets of SSB transmissions during an SSB burst.
In order to enable the SSB-based additional sync provision mechanism, the relevant QCL relationships and/or the use of off-grid SSBs must be signaled to the UE in order for the UE to configure system access, paging, or measurement signal reception with proper SSB reference and QCL assumptions. For RAR, the suitable UE receiver configuration with regard to SSB QCL relations can be indicated in RMSI. SIB1 thus configures the UE to use appropriate (QCL) SSB instances for relevant PDCCH/PDSCH reception.  
[bookmark: _Toc494440132][bookmark: _Toc494713812][bookmark: _Toc494720341][bookmark: _Toc494723634][bookmark: _Toc494723745][bookmark: _Toc494723793][bookmark: _Toc494748575]RMSI indicates which time indices in the default SSB sweep should be used as QCL reference for PDCCH/PDSCH reception for RAR.
[bookmark: _Toc494440133][bookmark: _Toc494713813][bookmark: _Toc494720342][bookmark: _Toc494723635][bookmark: _Toc494723746][bookmark: _Toc494723794][bookmark: _Toc494748576]RAN2 should define the contents of the SIB1 fields specifying RAR-SSB QCL properties.

RAR contents
Relating to the payload of RAR, it was agreed in RAN2#99
Agreements:
-     The following fields are always included in the RAR random access procedures:  RAPID, UL grant, TA, Temporary C-RNTI for all cases other than msg. 1 SI request.  
-	BI can be included in msg. 2 as in LTE. UE behaviour with respect to backoff is the same as in LTE

We agree to the RAN2 agreement related to the contents. In this section, we discuss the size of these entities. 
Random Access Preamble ID (RAPID)
[bookmark: _Hlk492655351]In LTE, as there are 64 preambles per cell, the size of RAPID is 6 bits, which also served the purpose that MAC sub-header is octet-aligned. In NR, there might be a need for more than 64 preambles per cell and this means more than 6 bits is needed to convey the detected PRACH preamble in RAR. To deal with this issue, we propose that RAPID indicates a preamble index per SSB index, and instead indicate the SSB index using scrambling, i.e. including SSB index into RA-RNTI, see section 2.1. We can thus assign a maximum of 64 preambles per SSB. 
The estimated TA resolution depends on sub carrier spacing of PRACH preamble. The UL grant field within the DCI are not agreed yet within 3GPP. As there is only one RACH procedure at a time, there is no need of HARQ process id in UL grant of RAR. 
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Timing Advance command
We propose that the TA granularity is defined by the numerology specified in the uplink grant transmitted together with the TA command. The TA granularity (16Ts) for different SCS is shown in Table 1, where 
· Ts = 1/30720 ms for 15 KHz SCS
· Ts =1/(2*30720) ms for 30 kHz SCS 
· Ts =1/(4*30720) ms for 60 kHz SCS
· Ts =1/(8*30720) ms for 120 kHz SCS

	SCS of MSG3
	TA granularity  [us]

	15 KHz
	0.52

	30 kHz
	0.26

	60 KHz
	0.13

	120 KHz
	0.06

	240 KHz
	0.03


[bookmark: _Ref494449537]Table 1. TA granularity for different SCS of MSG3
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In LTE, 11 bits are used for timing advance command. In NR, with different formats and subcarrier spacings for PRACH and MSG3, it is important to revisit this concept and see if 11 bits are necessary or to have less bits in TA to support low latency application. 
Below we discuss the number of bits required for the agreed NR-RACH preamble formats. 
The first two rows of Table 2 illustrates the agreed PRACH formats and corresponding maximum cell radius from RAN1#AH2 and RAN1#90, for a sub-carrier spacing (SCS) of 15 kHz of the NR-RACH preamble. 
	Formats
(Use case)
	A0
(very small cell)
	A1
(small cell)
	A2
(normal cell)
	A3
(normal cell)
	B1
(small cell)
	B2
(normal cell)
	B3
(normal cell)
	B4
(normal cell)
	B4[footnoteRef:2] [2:  Preamble format with two extra OFDM symbols as Guard Period] 

(normal cell)
	C0
(normal cell)
	C2
(normal cell)

	Max. cell radius (m)
	469
	938
	2109
	3516
	469
	1 055
	1 758
	3 867
	24 570
	5 300
	9 200

	Num bits
	2,58
	3,58
	4,75
	5,49
	2,58
	3,75
	4,49
	5,63
	8,29
	6,08
	6,88

	N
	3
	4
	5
	6
	3
	4
	5
	6
	9
	6
	7



[bookmark: _Ref485032021][bookmark: _Ref494360550]Table 2. Number of bits, N, needed in TA for same SCS of PRACH and MSG3
We note that the maximum cell radius for format B4 can be larger than the of 3 867 meters, if the gap after the preamble within a slot is considered. See illustration of format B4 in Figure 3, with a gap of 792+144+2048+144+2048 = 5176 samples from end of B4 to the end of the slot, which corresponds to 24 570 meters. Detection of delays larger than the length of one OFDM symbol is described in [8] together with performance evaluations with a cell radius up to 20 km (delays up to 2 OFDM symbols with SCS of 15 kHz).

[bookmark: _Ref489622393]Figure 3. Proposed NR-RACH preamble formats 
The number of bits needed for the TA (third row of the Table 2) is computed using the below formula 

where Dmax is the maximum cell radius (row 2 of Table 2),  is the velocity of light, and Ts is inverse of the SCS of the Msg3 as per our Proposal 7. This Proposal 7 states that TA granularity is defined according to the sub carrier spacing of the Msg 3. The fourth row of the Table 2 is rounding to the closest integer larger than the number of bits in row 3. 
This Table 2 is only valid for a sub-carrier spacing (SCS) of 15 kHz of the NR-RACH preamble. If the SCS of the NR-RACH preamble is doubled, then the maximum cell radius is reduced by a factor of two. The number of bits needed for TA is thus a function of the SCS of the NR-RACH preamble.
In summary, we observe that the number of bits for the TA command can be formulated as a function of both the SCS of PRACH and the SCS of MSG3. 
[bookmark: _Toc494443774][bookmark: _Toc494443860][bookmark: _Toc494443901][bookmark: _Toc494444007][bookmark: _Toc494444150][bookmark: _Toc494444211][bookmark: _Toc494444251][bookmark: _Toc494444293][bookmark: _Toc494444347][bookmark: _Toc494448042][bookmark: _Toc494449122][bookmark: _Toc494715306][bookmark: _Toc494715320][bookmark: _Toc494715361][bookmark: _Toc494715554][bookmark: _Toc494715655][bookmark: _Toc494723584][bookmark: _Toc494723625][bookmark: _Toc494723736][bookmark: _Toc494723786][bookmark: _Toc494748501]Number of bits for the TA command can be a function both the SCS of PRACH and the SCS of MSG3.
If we base the actual number of bits for TA both on PRACH SCS and MSG3 SCS, we obtain Table 3. When we fix PRACH SCS (=>fixed Dmax) and change MSG3 SCS (=> Ts change), we get log2(2)=1 bit extra for each doubling of MSG3 SCS (as can be seen for each column). Instead if we fix MSG3 SCS and double PRACH SCS, then there is one less bit needed (-log2(2)) as can be seen if we fix a row and go across column wise. For the diagonal elements, as the SCS for PRACH and MSG3 both changes proportionally, there is no change in the number of bits. 
	Number of bits needed
	PRACH SCS

	
	15 kHz
	30 kHz
	60 kHz
	120 KHz
	240 KHz

	

MSG3 SCS
	15 kHz
	N
	N-1
	N-2
	N-3
	N-4

	
	30 KHz
	N+1
	N
	N-1
	N-2
	N-3

	
	60 KHz
	N+2
	N+1
	N
	N-1
	N-2

	
	120 KHz
	N+3
	N+2
	N+1
	N
	N-1

	
	240 kHz
	N+4
	N+2
	N+2
	N+1
	N



[bookmark: _Ref494361511]Table 3. Number of bits needed in TA for different SCS of PRACH and MSG3
The highlighted cells of Table 3 is what seems to be more relevant for efficient resource usage and better use of channel. For example, it does not make sense to use a 15 kHz PRACH SCS with 240 kHz MSG3. We see that in this setup the number of bits needed is between [N-1, N+1], where N is defined in Table 2. From Table 2 and Table 3, it seems reasonable to use of TA of 5 bits (N+1 of A1 format)  for small cells use case (A0, A1, B1) and 10 bits  (N+1 of B4 extended delay use case) for rest of the short sequence formats. 
[bookmark: _Toc494359938][bookmark: _Toc494360109][bookmark: _Toc494360395][bookmark: _Toc494360521][bookmark: _Toc494361481][bookmark: _Toc494361606][bookmark: _Toc494371951][bookmark: _Toc494372035][bookmark: _Toc494372293][bookmark: _Toc494372348][bookmark: _Toc494443775][bookmark: _Toc494443861][bookmark: _Toc494443902][bookmark: _Toc494444008][bookmark: _Toc494444151][bookmark: _Toc494444212][bookmark: _Toc494444252][bookmark: _Toc494444294][bookmark: _Toc494444348][bookmark: _Toc494448043][bookmark: _Toc494449123][bookmark: _Toc494715307][bookmark: _Toc494715321][bookmark: _Toc494715362][bookmark: _Toc494715555][bookmark: _Toc494715656][bookmark: _Toc494723585][bookmark: _Toc494723626][bookmark: _Toc494723737][bookmark: _Toc494723787][bookmark: _Toc494748502]Number of required bits for TA is 5 for small cells and 10 bits for normal cell operation and NR-RACH formats based on short sequences. 
Besides the short preamble formats A-C introduced in Table 2, there is an agreement also on the long PRACH preamble formats 0, 1, and 4, which are based on 1.25 kHz SCS, while format 3 is based on 5 kHz SCS.  These formats are similar to the LTE PRACH formats where 11 bits are used for TA. It seems reasonable to define at least as many bits for NR as was defined for LTE, in order to support at least the same cell radius in LTE and NR.
[bookmark: _Toc494444224][bookmark: _Toc494444264][bookmark: _Toc494444306][bookmark: _Toc494444360][bookmark: _Toc494448055][bookmark: _Toc494449135][bookmark: _Toc494713369][bookmark: _Toc494715374][bookmark: _Toc494715567][bookmark: _Toc494715668][bookmark: _Toc494720347][bookmark: _Toc494723640][bookmark: _Toc494723751][bookmark: _Toc494443785][bookmark: _Toc494443871][bookmark: _Toc494443912][bookmark: _Toc494444019][bookmark: _Toc494444163][bookmark: _Toc494444225][bookmark: _Toc494444265][bookmark: _Toc494444307][bookmark: _Toc494444361][bookmark: _Toc494448056][bookmark: _Toc494449136][bookmark: _Toc494713370][bookmark: _Toc494715375][bookmark: _Toc494715568][bookmark: _Toc494715669][bookmark: _Toc494720348][bookmark: _Toc494723641][bookmark: _Toc494723752][bookmark: _Toc494723797][bookmark: _Toc494748579]Define 5 bits for TA for PRACH format A0, A1 and B1, and 11 bits for remaining NR-RACH formats. 
[bookmark: _Toc494360110][bookmark: _Toc494360396][bookmark: _Toc494360522][bookmark: _Toc494361482][bookmark: _Ref492653914]RAR transmission
Agreements related to RAR transmission:
Agreements in RAN1#90:
· At least for initial access, RAR is carried in NR-PDSCH scheduled by NR-PDCCH in CORESET configured in RACH configuration
· Note: CORESET configured in RACH configuration can be same or different from CORESET configured in NR-PBCH

Agreements in RAN1#AH3:
· 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


The following agreements were made regarding PDCCH in slot and mini-slot (aka, non-slot based scheduling)
Agreements in RAN1#87:
NR-PDCCH monitoring at least for single-stage DCI design,
· NR supports the following minimum granularity of the DCI monitoring occasion: 
· For slots: once per slot
· When  mini-slots are used: FFS if every symbol or every second symbol
· FFS with respect to which numerology if slot and mini-slot have different numerology (e.g. SCS, CP overhead)
· Note: slot/mini-slot alignment is not assumed here 
· Note: This may not apply in all cases


We propose to have possibility of RAR transmission in non-slot based scheduling (interpreted as mini-slots in the text below) besides the slot based scheduling. Scheduling RAR in non-slot based scheduling is especially beneficial for supporting low latency and for reducing the resource overhead. 
Low latency: 
· Transmitting in non-slot based scheduling gives the possibility of reducing the time for the successful RACH procedure as PDSCH transmissions can happen much faster
· For analog beamforming, if RAR is transmitted in non-slot based scheduling, then beam sweeping in different directions is possible in very short time compared to the case when RAR is transmitted with slot based scheduling.  
· It is beneficial for supporting low latency even in the case of digital beamforming when RAR is sent by non-slot based scheduling. 
Reduction of resource overhead: 
· When RAR is sent by slot based scheduling, then rest of the frequency resources in a time interval are only usable for UEs in the same direction as the transmitted RAR, when analog beamforming is performed. Instead in this scenario, it is better to allocate many of the frequency resources to RAR and reduce the time interval by non-slot based scheduling of RAR. This serves purpose of using most of the time-frequency grid in a resource efficient way.  
· The RAR can be frequency multiplexed with an SS block if the RAR support non-slot based scheduling. This reduce overhead since sub-carriers outside the SS block allocation can then be used with an analog transmitted beamforming. Typically, a RAR can then be transmitted simultaneously and, with analog transmitter beamforming, in the same direction as an frequency multiplexed SS block.  
[bookmark: _Toc494444266][bookmark: _Toc494444308][bookmark: _Toc494444362][bookmark: _Toc494448057][bookmark: _Toc494449137][bookmark: _Toc494715376][bookmark: _Toc494715569][bookmark: _Toc494715670][bookmark: _Toc494720349][bookmark: _Toc494723642][bookmark: _Toc494723753][bookmark: _Toc494715377][bookmark: _Toc494715570][bookmark: _Toc494715671][bookmark: _Toc494720350][bookmark: _Toc494723643][bookmark: _Toc494723754][bookmark: _Toc494715378][bookmark: _Toc494715571][bookmark: _Toc494715672][bookmark: _Toc494720351][bookmark: _Toc494723644][bookmark: _Toc494723755][bookmark: _Toc494723798][bookmark: _Toc494748580]Support RAR transmissions in non-slot based scheduling (i.e., mini-slot) in addition to already agreed slot based scheduling.
In line with Error! Reference source not found., where we proposed to support RAR transmission in both slot-based and non-slot based scheduling, we propose similarly to support CORESET starting position in both  slot-based and non-slot  boundaries. This will make it possible to have a case when latency needs to be reduced.
[bookmark: _Toc494444268][bookmark: _Toc494444310][bookmark: _Toc494444364][bookmark: _Toc494448059][bookmark: _Toc494449139][bookmark: _Toc494713373][bookmark: _Toc494715379][bookmark: _Toc494715572][bookmark: _Toc494715673][bookmark: _Toc494720352][bookmark: _Toc494723645][bookmark: _Toc494723756][bookmark: _Toc494287112][bookmark: _Toc494290029][bookmark: _Toc494359941][bookmark: _Toc494360113][bookmark: _Toc494360399][bookmark: _Toc494360525][bookmark: _Toc494361485][bookmark: _Toc494361608][bookmark: _Toc494371953][bookmark: _Toc494372037][bookmark: _Toc494372295][bookmark: _Toc494372350][bookmark: _Toc494443787][bookmark: _Toc494443873][bookmark: _Toc494443914][bookmark: _Toc494444021][bookmark: _Toc494444165][bookmark: _Toc494444227][bookmark: _Toc494444269][bookmark: _Toc494444311][bookmark: _Toc494444365][bookmark: _Toc494448060][bookmark: _Toc494449140][bookmark: _Toc494713374][bookmark: _Toc494715380][bookmark: _Toc494715573][bookmark: _Toc494715674][bookmark: _Toc494720353][bookmark: _Toc494723646][bookmark: _Toc494723757][bookmark: _Toc494723799][bookmark: _Toc494748581]Support CORESET starting positions aligned with both slot boundary and with non-slot boundary.
In some deployments as described in detail in [4], NR-PDCCH carrying RAR may not be reliably received using SSB as the sync source. Similar problems can arise in paging and additional system information (RMSI) distribution. Instead of individually addressing all scenarios where sync for NR-PDCCH reception is insufficient, the problem should be solved by introducing an additional flexibly configurable sync signal. Such a signal can be transmitted in close vicinity to NR-PDCCH when required by the deployment or a specific configuration. In [4], we further discuss using a signal similar to NR-PSS for such flexible sync provision.
[bookmark: _Toc494444312][bookmark: _Toc494444366][bookmark: _Toc494448061][bookmark: _Toc494449141][bookmark: _Toc494713375][bookmark: _Toc494715381][bookmark: _Toc494715574][bookmark: _Toc494715675][bookmark: _Toc494720354][bookmark: _Toc494723647][bookmark: _Toc494723758][bookmark: _Toc492653235][bookmark: _Toc492654676][bookmark: _Toc492654711][bookmark: _Toc492655134][bookmark: _Toc492655310][bookmark: _Toc492656371][bookmark: _Toc492656690][bookmark: _Toc492656720][bookmark: _Toc492656752][bookmark: _Toc492656820][bookmark: _Toc492656867][bookmark: _Toc492657034][bookmark: _Toc492890732][bookmark: _Toc492903901][bookmark: _Toc492903935][bookmark: _Toc492904123][bookmark: _Toc492904222][bookmark: _Toc494287113][bookmark: _Toc494290030][bookmark: _Toc494359942][bookmark: _Toc494360114][bookmark: _Toc494360400][bookmark: _Toc494360526][bookmark: _Toc494361486][bookmark: _Toc494361609][bookmark: _Toc494371954][bookmark: _Toc494372038][bookmark: _Toc494372296][bookmark: _Toc494372351][bookmark: _Toc494443788][bookmark: _Toc494443874][bookmark: _Toc494443915][bookmark: _Toc494444022][bookmark: _Toc494444166][bookmark: _Toc494444228][bookmark: _Toc494444270][bookmark: _Toc494444313][bookmark: _Toc494444367][bookmark: _Toc494448062][bookmark: _Toc494449142][bookmark: _Toc494713376][bookmark: _Toc494715382][bookmark: _Toc494715575][bookmark: _Toc494715676][bookmark: _Toc494720355][bookmark: _Toc494723648][bookmark: _Toc494723759][bookmark: _Toc494723800][bookmark: _Toc494748582]The physical channel carrying RAR can be configured with an additional synchronization signal for time and frequency synchronization.
As soon as the UE receives RAR, it adjusts its UL timing based upon the TA command. Since the proposed RAR can contain an additional reference signal, it can also adjust its DL timing, as illustrated in Figure 1.  Therefore, this RAR design with an additional reference signal is useful both for DL synchronization and demodulation of the RAR payload. 
Similar to LTE, we propose that in NR, RAR message must be able to carry several detected preambles. Same PDCCH and common DMRS can be used with RAR containing above payload for several preambles, leading to a flexible payload size. 
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This proposal is in agreement with RAN2#99 proposal for RAR multiplexing i.e., multiple RARs in one PDU. MAC aspects of RAR with respect to multiplexing and more details are discussed in [3]. Besides carrying the payload, gNB needs to distinguish RARs sent to different UEs.
The gNB should transmit the RAR in the same beam as the SS-block when the UE is configured for spatial QCL between RAR and SS-block. In cases when the SS-block and the RAR are not spatial QCL, the gNB might transmit a RAR corresponding to one detected NR-RACH preamble in several spatial beams. By using several beams in the transmitter of the gNB, the probability for correct detection of the RAR increases. These RAR, for the same detected NR-RACH preamble, might be transmitted at different time intervals but anyway indicate the same message 3, by the decision in RAN1#87: “UL grant in message 2 may indicate the transmission timing of message 3”.
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If a UE receives and decodes several RAR corresponding to the transmitted NR-RACH preamble, then the UE must select one of these RAR. This selection might for example be based on received signal strength or SNR of the DMRS associated with RAR
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Three options were agreed in RAN1#88bis regarding configuration of sub-carrier spacing (SCS) of message 3:
· Agreements:
· Option 1: RACH configuration (possibly within PBCH or the remaining minimum system information) provides the SCS of the RACH msg. 3
· Option 2: The same SCS applied in PBCH transmission is used for the transmission of the RACH msg. 3
· Option 3: RAR can indicate the SCS of the RACH msg. 3 transmission

Here, option 1 is similar to the decision in RAN1#88bis regarding configuration of waveform for message 3:
· Agreements:
· Waveform for RACH message 3 can be DFT-S-OFDM or CP-OFDM. Network signals directly or indirectly RACH message 3 waveform to UE:
· The network signals the waveform for RACH message 3 in the remaining minimum SI as one bit
Option 2 would result in a relation between SCS used in downlink and uplink which is not desirable. Option 3 has the possibility to adjust the SCS individually for each detected NR-RACH preamble. However, this would lead to a mix of several simultaneous SCS in uplink which should be avoided.  
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[bookmark: _Toc490124712][bookmark: _Toc490124750][bookmark: _Toc490124931][bookmark: _Toc490125209][bookmark: _Toc490125258][bookmark: _Toc490124689][bookmark: _Toc490124690][bookmark: _Toc490124713][bookmark: _Toc490124751][bookmark: _Toc490124932][bookmark: _Toc490125210]Regarding the HARQ retransmissions, retransmissions of msg 3 would need a retransmission of the RAR also as the grant for msg3 is given in RAR (msg 2).

[bookmark: _Ref492651485]PRACH Power Ramping
Previous meetings have made decisions about the PRACH preamble as well as the 4 step RA procedure. Some aspects of power ramping in the PRACH Msg. 1 still remain to be agreed. 
The choice of the SSB and the corresponding resource set for initial PRACH transmission is a critical element for ensuring efficient system access and minimizing its impact on the UL capacity of the network. According to a recent agreement, the choice of the SSB is up to the UE, subject to the link corresponding to the SSB satisfying an absolute quality threshold criterion. The aim of the procedure is to ensure that the UE can find and proceed with a sufficiently good SSB in a relatively short time, while avoiding hasty PRACH transmission in response to a low-quality SSB or waiting excessively long time to ensure that all possible SSB in the area have been evaluated.
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[bookmark: _Toc494360121][bookmark: _Toc494360407][bookmark: _Toc494360533][bookmark: _Toc494361493][bookmark: _Toc494361617][bookmark: _Toc494371962][bookmark: _Toc494372046][bookmark: _Toc494372304][bookmark: _Toc494372359][bookmark: _Toc494443797][bookmark: _Toc494443884][bookmark: _Toc494443925][bookmark: _Toc494444032][bookmark: _Toc494444172][bookmark: _Toc494444234][bookmark: _Toc494444276][bookmark: _Toc494444319][bookmark: _Toc494444374][bookmark: _Toc494448069][bookmark: _Toc494449149][bookmark: _Toc494713381][bookmark: _Toc494715387][bookmark: _Toc494715580][bookmark: _Toc494715681][bookmark: _Toc494720360][bookmark: _Toc494723653][bookmark: _Toc494723764][bookmark: _Toc492890746][bookmark: _Toc492903914][bookmark: _Toc492903948][bookmark: _Toc492904136][bookmark: _Toc492904235][bookmark: _Toc494287119][bookmark: _Toc494290036][bookmark: _Toc494359947][bookmark: _Toc494360122][bookmark: _Toc494360408][bookmark: _Toc494360534][bookmark: _Toc494361494][bookmark: _Toc494361618][bookmark: _Toc494371963][bookmark: _Toc494372047][bookmark: _Toc494372305][bookmark: _Toc494372360][bookmark: _Toc494443798][bookmark: _Toc494443885][bookmark: _Toc494443926][bookmark: _Toc494444033][bookmark: _Toc494444173][bookmark: _Toc494444235][bookmark: _Toc494444277][bookmark: _Toc494444320][bookmark: _Toc494444375][bookmark: _Toc494448070][bookmark: _Toc494449150][bookmark: _Toc494713382][bookmark: _Toc494715388][bookmark: _Toc494715581][bookmark: _Toc494715682][bookmark: _Toc494720361][bookmark: _Toc494723654][bookmark: _Toc494723765][bookmark: _Toc494723804][bookmark: _Toc494748586]If no SSBs are detected satisfying the threshold, the UE continues SSB detection during a time duration equal to the SSB period. 
A retransmission of the RACH preamble is needed if the UE is unable to decode a RAR. It is up to UE implementation to decide if it retransmits a preamble in a set of preambles corresponding to previously used SSB or change to preambles associated with another SSB. If the UE use the preamble set corresponding to the previously used SSB, then the power ramping as decided in RAN1#89 is used (i.e. if the UE conducts beam switching, the counter of power ramping remains unchanged). If on the other hand, the UE decides to use a preamble set associated to another SSB, then the UE should base the path loss estimation based on this new SSB.
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[bookmark: _Toc490206227][bookmark: _Toc490213369][bookmark: _Toc492049185][bookmark: _Toc492049400][bookmark: _Toc492593676][bookmark: _Toc492651246][bookmark: _Toc492651279][bookmark: _Toc492651425][bookmark: _Toc492651656][bookmark: _Toc492652342][bookmark: _Toc492652483][bookmark: _Toc492652639][bookmark: _Toc492652757][bookmark: _Toc492652909][bookmark: _Toc492653249][bookmark: _Toc492654696][bookmark: _Toc492654731][bookmark: _Toc492655154][bookmark: _Toc492655325][bookmark: _Toc492656386][bookmark: _Toc492656705][bookmark: _Toc492656735][bookmark: _Toc492656767][bookmark: _Toc492656835][bookmark: _Toc492656882][bookmark: _Toc492657049][bookmark: _Toc492890748][bookmark: _Toc492903916][bookmark: _Toc492903950][bookmark: _Toc492904138][bookmark: _Toc492904237][bookmark: _Toc494287121][bookmark: _Toc494290038][bookmark: _Toc494359949][bookmark: _Toc494360125][bookmark: _Toc494360411][bookmark: _Toc494360537][bookmark: _Toc494361497][bookmark: _Toc494361621][bookmark: _Toc494371966][bookmark: _Toc494372050][bookmark: _Toc494372308][bookmark: _Toc494372363][bookmark: _Toc494443801][bookmark: _Toc494443888][bookmark: _Toc494443929][bookmark: _Toc494444036][bookmark: _Toc494444176][bookmark: _Toc494444238][bookmark: _Toc494444280][bookmark: _Toc494444323][bookmark: _Toc494444378][bookmark: _Toc494448073][bookmark: _Toc494449153][bookmark: _Toc494713385][bookmark: _Toc494715391][bookmark: _Toc494715584][bookmark: _Toc494715685][bookmark: _Toc494720364][bookmark: _Toc494723657][bookmark: _Toc494723768][bookmark: _Toc494723806][bookmark: _Toc494748588]For each SSB (and the associated set of preambles), the UE should base the PRACH preamble TX power on the path loss derived from the RSRP estimate associated with that SSB.
By agreeing that beam switching leaves the power ramping unchanged, it is possible to envision a functionality that is similar to that of LTE [5][6]. What differs is the number of antennas and the resulting beamforming they may produce and the possibility for beam correspondence or not. Below, the power ramping discussion is divided into three sections: Initialization, incrementation and termination.
The key performance indicators for random access are twofold:
· to minimize transmitted interference, and, 
· to minimize random access latency.
Hence, a “first shot right” is desirable although often unrealistic. For the two UE types with and without beam correspondence, it is respectively more and less likely to achieve this. For this reason, requirements for UEs with beam correspondence could be made stricter but also more predictable in order to achieve a faster PRACH procedure. This is possible without the serving cell knowing about the UE capability in this respect.
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One such stricter definition is the decision of which beam to use in the UL in UEs with beam correspondence. Reasonably, the corresponding beam to the DL beam is the preferred choice.
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If the UE is transmitting at maximum power and does still not to receive a Random Access Response (RAR), or a received RAR does not contain a preamble identifier corresponding to the transmitted RA preamble, the random access cycle has been unsuccessful. Such a situation could either depend on the UE being out-of-coverage for the serving cell, or due to the UE using too wide beamforming or beamforming pointing in the wrong direction. 
Similar to LTE, following a failed full random access cycle, a random back-off period that must pass before the UE may initiate another random access cycle, possibly with different beamforming directions, should be defined.
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Furthermore, the new PRACH attempt should be starting over with the initial power values. 
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Within Msg. 2, the UE will receive a UCI, including UL power control [7]. In order for that to be purposeful, and for a UE to optimize its Msg. 3 transmission, it should be obliged to follow the UCI in Msg. 2.
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Another aspect of Msg. 3 in relation to Msg. 1 is the UE antenna configuration. For example, in mmW, it is possible to envision UEs with different antenna panels where only a subset of the panels is used at a time. In order to get a predictable and relevant result from such UEs, it is important that the same antenna configuration is used in Msg. 3 as was used for Msg. 1.
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Using the same beam configuration can be seen as being part of Proposal 22. Nevertheless, if the UE is allowed to change beams between Msg. 1 and Msg. 3, in order to obtain a predictable and relevant result, the UE should adjust the beam forming gain accordingly.
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Conclusion
In this contribution, we made the following observations:
Observation 1	Number of bits for the TA command can be a function both the SCS of PRACH and the SCS of MSG3.
Observation 2	Number of required bits for TA is 5 for small cells and 10 bits for normal cell operation and NR-RACH formats based on short sequences.
Observation 3	Several RAR corresponding to the same detected NR-RACH preamble might be transmitted from gNB with different beams, which increase RAR detection rate
Observation 4	The behavior of UEs with beam correspondence may be more strictly defined in order to achieve a more efficient PRACH procedure.

Based on the discussion in this contribution, we propose the following:
Proposal 1	Define a  index “RACH_group_index” for each such group of SSBs assosiated to the same set of RACH preambles.
Proposal 2	The RA-RNTI is defined based on a RACH group index in addition to slot index and frequency allocation in which the preamble was transmitted.
Proposal 3	The network configures the UE if it should transmit NR-RACH preambles based on reciprocity from received SS-block (if the UE is capable of beam correspondence) or if the UE should use a wide beam
Proposal 4	NR should support QCL association of RAR signals with suitable subsets of SSB transmissions during an SSB burst.
Proposal 5	RMSI indicates which time indices in the default SSB sweep should be used as QCL reference for PDCCH/PDSCH reception for RAR.
Proposal 6	RAN2 should define the contents of the SIB1 fields specifying RAR-SSB QCL properties.
Proposal 7	The size of RAPID field is 6 bits.  FFS size of UL grant field and TC-RNTI.
Proposal 8	TA granularity is defined by the numerology specified in the uplink grant transmitted together with the TA command
Proposal 9	Define 5 bits for TA for PRACH format A0, A1 and B1, and 11 bits for remaining NR-RACH formats.
Proposal 10	Support RAR transmissions in non-slot based scheduling (i.e., mini-slot) in addition to already agreed slot based scheduling.
Proposal 11	Support CORESET starting positions aligned with both slot boundary and with non-slot boundary.
Proposal 12	The physical channel carrying RAR can be configured with an additional synchronization signal for time and frequency synchronization.
Proposal 13	Design the physical channel carrying RAR that supports a flexible payload size.
Proposal 14	If a UE detects several RAR corresponding to same detected NR-RACH preamble, then the UE select one of these RAR based on received DMRS associated to RAR
Proposal 15	The network signals the sub-carrier spacing for RACH message 3 in the remaining minimum SI
Proposal 16	If no SSBs are detected satisfying the threshold, the UE continues SSB detection during a time duration equal to the SSB period.
Proposal 17	It should be up to UE implementation to determine whether to continue ramping on the same SSB (and the same set of preambles) or to change the SSB.
Proposal 18	For each SSB (and the associated set of preambles), the UE should base the PRACH preamble TX power on the path loss derived from the RSRP estimate associated with that SSB.
Proposal 19	A UE with beam correspondence should use same corresponding beam in UL as in DL.
Proposal 20	In case of a failed random access cycle, a random back-off period must pass before the UE may attempt another random access cycle.
Proposal 21	In case of a failed random access cycle, the  is reset.
Proposal 22	The UE shall adjust its power setting for Msg. 3 with respect to the Msg. 2 UCI.
Proposal 23	The UE shall use the same antenna configuration in Message 3 as in Message 1.
Proposal 24	If a UE is allowed to change beams between Msg. 1 and Msg. 3, any change in processing gain arising from such beam change must be included in the power control formula.
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