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1.	Introduction
The following agreement was made on the RA-RNTI computation and SUL differentiation in NR in RAN2#100:
Agreements:  
1 RA-RNTI calculation does not need to include SS block index.
2 Regarding multiple PRACH instances within a slot, the RA-RNTI equation in LTE should be modified for NR to provide OFDM symbol level granularity.  Exact formula FFS 
3 For SUL, some form of differentiation will be specified. FFS how.  
4 RAR window size is up to 10ms
[CB 517 – Intel] handle the FFS and suggest an agreeable formula 

The aim of this document is to treat the two FFS points above.
2.	Discussion
2.1	RA-RNTI formula
This is to treat the first FFS from the latest agreement on RA-RNTI computation, i.e. how to capture OFDM symbol granularity in the RA-RNTI formula. To this end, it is proposed in [1] to explicitly capture the symbol id (in addition to the slot ID) in the formula. Another option proposed in [2] and briefly discussed in the meeting was to introduce “RACH Transmission Occasion (RO)” index which refers to the RACH transmission index within the sub-frame. The assumption in this case is that it would be depending on the RACH configuration periodicity. It should be noted that in either case, RA-RNTI would indicate the index of the first symbol of the specified PRACH resource (similar to how the formula in LTE captured the index of the first subframe of the specified PRACH). So, we have the following question and three different options. Companies are encouraged to present their view and proposed equation to capture.
	Option 1: Capture OFDM symbol ID explicitly
	Option 2: Define RACH transmission occasion and capture in RA-RNTI equation. 
	Option 3: Any other method(s)
Question 1. What option do companies prefer to include OFDM symbol granularity in the RA-RNTI computation? 
	Company
	Option
	Comments/Suggested Equation

	Intel
	1
	RA-RNTI= 1 + s_id + 14*(t_id + X*f_id), where s_id is the index of the first OFDM symbol of the specified PRACH (0≤ s_id< 14), f_id is the index of the specified PRACH within the slot in the frequency domain (0≤ f_id< 6) and t_id is the index of the first slot of the specified PRACH (0≤ t_id< X). It should be noted that the value of X is determined by the SCS, i.e. subcarrier spacing, e.g., 0≤ t_id <20 for 30kHz SCS, 0≤ t_id <40 for 60kHz SCS, and 0≤ t_id <80 for 120kHz SCS.
Just to respond to companies’ views on RA-RNTI space, it should be clarified that depending on the PRACH configuration index, the number of RNTI values actually required would be much less than the worst case. Moreover, according to the following agreement in RAN1#90bis:
· NR at least supports RACH configuration that have the same starting symbol in all RACH slots
· Values of starting symbol: 0, 2
· FFS other values

It should be clear that if we only support two starting symbol locations within each slot, the number of unique RNTI values would be approximately 2*60 = 120 (for 15 kHz SCS). At the same time, our formulation allows easy handling of the case if RAN1 agrees to more starting symbol positions with minimal effort.

	OPPO
	2
	The RA-RNTI space increase should be concerned.

	Fujitsu 
	1 or 
symbol ID in RAR
	We are OK with the formula of Intel for this question that both slot ID and symbol ID are indicated explicitly. 
Comments to option 2: Since RAN1 has not decided the details to configure RACH resources, it’s hard for RAN2 to achieve the agreeable definition of RACH occasion index in this last meeting. We can simply adopt the symbol ID and slot ID as baseline from RAN2 point of view. Additionally, without the details from RAN1 about the maximum number of symbols occasion in each slot, we can’t decide whether option 2 has shorter RA-RNTI value range. Note that for the same RACH resource configuration, the RA-RNTI value range may be different, but the total numbers of used RNTI by both options are the same. Because, after RACH configuration, the unused RA-RNTI value can be reused as C-RNTI by the network, the efficiency of RNTI usage is same for both options.
In the latest LS from RAN1 on RRC parameters (R2-1714164), RAN1 discussed the possibility to introducing the dedicated PRACH resource configuration for HO purposes, i.e. PRACH-config-dedicated. It is RAN2 decision on the details. Option 2 calculation assumes that PRACH occasions are shared/common among all UEs. However, if the dedicated PRACH occasion is supported, UE with dedicated PRACH occasion has different number of RACH occasions from others. Then, RA-RNTI of UE’s the dedicated PRACH occasion is overlapped with the RA-RNTI of other UEs’ common PRACH occasions, if option 2 is used.
Another option: Whether the symbol ID can be carried in RAR instead can be further discussed. RARs for the preambles using different symbol occasions within one slot will normally be responded at the same/similar time. These RARs are better to be multiplexed into one Msg.2 by the same RA-RNTI. For the same reason of locating RAPID in Msg.2 as in LTE, symbol ID can also be included in the Msg.2.

	MediaTek
	2
	We think both option 1 and option 2 provide OFDM symbol level granularity. However, we notice that option 1, i.e. capture OFDM symbol explicitly, may consume much more RNTIs than option 2 does.
For example, considering SCS = 120kHz ( i.e. Number of slots per radio frame (10ms) = 80), Number of symbols per slot = 14, and Number of FDMed RACH occasions in a time instance = 4, then the required RNTIs of option 1 is 14*80*4= 4480 even if some symbol-frequency resources are not for random access. 
The form of RA-RNTI formula may look as below:
RA-RNTI=c+tid+Nro×fid
o	c: a constant RNTI offset
o	tid: the RACH transmission occasion index in the time dimension within a radio frame for a given PRACH configuration index
o	Nro: the number of RACH transmission occasions in the time dimension within a radio frame for a given PRACH configuration index

	Ericsson
	2
	We share the concerns of Mediatek. It should be noted that f_id does not assume that the PRACH resources are contiguous in the frequency domain, it is just a numbering scheme and the UE can determine this by counting the PRACH resources in the frequency domain. In the same way, t_id in the Mediatek proposal can also be determined by the UE by counting the PRACH resources in the subframe.

	InterDigital
	2
	Option 2 is preferred given symbol level granularity may not be needed, and option 2 provides flexibility to dimension the RA-RNTI per the PRACH configuration.

	ZTE
	2
	We shared the concern from Mediate and thus prefer option2.

	Huawei
	2
	Definition of PRACH needs to be define first before RA-RNTI is determined

	vivo
	2
	We should avoid introducing too many values for the RA-RNTI.


	CATT
	1
	
RA-RNTI = 1 + start_symbol_index_in_slot + slot_id * N_symbol_per_slot + 10*  * N_symbol_per_slot * f_id                                                                                                                                     (2)
where,
start_symbol_index_in_slot is the start OFDM symbol index within a slot, e.g., 0~13;
slot_id is the index of slot in a symstem frame;
N_symbol_per_slot is the number of OFDM symbols in a slot;





 is the number of slots in a subframe,  = 1, for SCS = 15KHz and short PRACH preamble format;  = 2, for SCS = 30KHz and short PRACH preamble format;  = 4, for SCS = 60KHz and short PRACH preamble format;  = 8, for SCS = 120KHz and short PRACH preamble format;
f_id is the index of PRACH frequency subband.

	Spreadtrum
	2
	Option 1 consumes much more RA-RNTI space than option 2

	Nokia, NSB
	2
	But we understand the Intel proposed formula above is also complying with this and we do support that proposal as the formula.

	Xiaomi
	2
	We agree with other companies that per symbol granularity consumes too much RA-RNTI value

	LG
	2
	Option 2 is sufficient.

	Qualcomm
	2
	As we have explain in our contribution, this option can result in smaller range of RA-RNTIs than other options would.

	NTT DOCOMO
	2
	We are OK with Option2.



Summary: It seems there is a majority of companies that prefer option 2. Specifically, 13 companies prefer option 2 while 3 companies prefer option 1. Additionally, one company also proposed to use the RAR to carry the symbol ID. One company also expressed concerns that we may need more time and guidance from RAN1 before finalizing the equation.
For option 2, it should be noted only one company proposed an exact equation in the case of option 2 which is captured below:
RA-RNTI=c +tid + Nro×fid
Where
· c: a constant RNTI offset
· tid: the RACH transmission occasion index in the time dimension within a radio frame for a given PRACH configuration index
· Nro: the number of RACH transmission occasions in the time dimension within a radio frame for a given PRACH configuration index
· f_id: Index of the specified PRACH within the slot in the frequency domain
Proposal 1: It is proposed to adopt option 2 for computing RA-RNTI, i.e. use RACH transmission occasion in the RA-RNTI equation. RAN2 should further discuss the exact definition of the RACH transmission occasion and how it captures symbol level granularity.
2.2	Inclusion of SUL carrier index
We also agreed that for SUL, some form of differentiation will be specified. The question is now to resolve the FFS, i.e. how to provide such differentiation. In the online discussion, at least 3 different options were proposed are summarized described below. Again, companies are encouraged to present their view as well as the proposed solution to capture.
Option 1: By including explicitly in the RA-RNTI computation (as a multiplicative factor). Please see Intel comment below on the details
Option 2: By including SUL ID in the RAR. In this case, please specify the applicable changes needed in the RAR format (if any) to indicate the SUL carrier.
Option 3: By extending the f_id field (corresponding to the UL and SUL carrier) and then assign RA-RNTI space appropriately. In this way, the RA-RNTIs associated to PRACH resources over different UL carriers would be unique.
Option 4: Network can configure different RACH configurations for each carrier to avoid collisions. In this case, no special handling is required.
Option 5: Any other views
Question 2. How should the SUL carrier ID be differentiated? 
	Company
	Supported Option
	Comments

	Intel
	1
	RA-RNTI= sul_id*Y + (1 + s_id + 14*(t_id + X*f_id)), where sul_id is the UL carrier used for Msg1 transmission (0 or 1) and Y = 14*X*6.

	OPPO
	4bis
	Option 4bis: the preamble index range (0... e.g. 63) is divided into 2 ranges, one is used in SUL and another is used in NR UL.
The 64 preambles are for one cell currently. The SUL operation is also one cell even though there are 2 UL carriers. The UE in the SUL operation cell will select one UL carrier to perform the RACH procedure based on the RSRP. So the number of the preambles for the SUL operation cell is still 64 and no reduction on the RACH capacity for solution 1.
The only specification is the preamble index range indication for the SUL in RMSI. So it is easy to implement.

For option 1: 
Firstly, the RAR for preamble transmission on the SUL and NR UL can never be multiplexed in the same RAR MAC PDU, E.g. if there is one RACH attempt on the SUL carrier and one RACH attempt in the NR UL carrier now, there will be two RAR MAC PDUs need to be scheduled in the DL carrier for the two RACH procedure on SUL and NR UL respectively. The PDCCH/PDSCH will be wasted due to no RAR multiplexing for SUL and NR UL any more. The formula takes the UL carrier index into account is not common considering the non-SUL case, it increase the complexity of the implementation. 
Secondly, the option 1 will increase the RA-RNTI space. The maximal value of the RA-RNTI is 60 in LTE, and the option will increase the value of the RA-RNTI to be 840.

For option 2: 
There are 3 cases to put the UL carrier index in the RAR.
case 1: put the UL carrier index in the RAR sub header;
case 2: put the UL carrier index in the RAR MAC PDU header;
case 3: put the UL carrier index in the RAR;
For case 1, there is no reserved bit in the RAR sub header now, therefore, it may be quite difficult to include the UL carrier index in the RAR sub header.
For case 2, there are two reserved bits and it can support to extend the number of SUL to 3. But in this case, the RAR for preamble transmission on the SUL and NR UL can never be multiplexed in the same RAR MAC PDU because it is the RAR MAC PDU header. So it will waste the PDCCH resource.
For case 3, there is only one reserved bit to use and it cannot support the extension of the number of SULs.

For option 3:
Firstly, the RAR for preamble transmission on the SUL and NR UL can never be multiplexed in the same RAR MAC PDU, E.g. if there is one RACH attempt on the SUL carrier and one RACH attempt in the NR UL carrier now, there will be two RAR MAC PDUs need to be scheduled in the DL carrier for the two RACH procedure on SUL and NR UL respectively. The PDCCH/PDSCH will be wasted due to no RAR multiplexing for SUL and NR UL any more.


	Fujitsu
	3 or 4
	SUL can be differentiated by network RACH configuration.

	MediaTek
	1, 3 (and 4?)
	For option 1 and 3, We are fine to specify carrier ID explicitly or merge carrier ID into f_id field. For option 4, we wonder what kind of network configuration is applied to differentiate carrier, e.g. different carrier apply different CORESET for RAR reception?

	Ericsson
	3
	Our preference is option 3. Option 4 assumes that t_id indicates a specific OFDM symbol (and not "RACH occasion").
Regarding OPPO's analysis of option 3 we think that the analysis is basically correct, two RARs have to be transmitted. However, the risk of collision is reduced, as both RAR occasions in SUL and UL can use the full preamble space respectively. In OPPO's proposal 4bis, the preamble space is divided between UL and SUL.

	InterDigital
	1
	Including the SUL ID in the RA-RNTI is simplest

	ZTE
	2
	First of all, RAN2 agreed that some differentiation should be done. To us this mean option4 is out. Because same RA-RNTI formula will be followed by both SUL and non-SUL carrier, you will find that they will also share same RA-RNTI space. It would be a mess for network to avoid RA-RNTI collision between these two carriers within same RA-RNTI space. If preamble id is shared between SUL and non-SUL carrier, then it reduce the PRACH capacity in the cell. Note even for one cell there could be more than one PRACH frequency domain. Without sharing preamble ID would help to save the frequency/time resource in uplink.
For optioin1 and option3, the issue is that RA-RNTI will be doubled compared to option2 and no PDSCH could be shared due to the fact that RA-RNTI for these two uplink carriers will be totally different. On the contrary, option2 help to reduce the RA-RNTI space, share PDSCH of message2 and reuse the same formula as whatever we defined for normal non-SUL cell and thus reduce the standardization efforts. 
For the RAR, RAN2 is still waiting for the input from RAN1. According to what was discussed in RAN2 UP session, most likely there is space to add one more bit without increase any signaling overhead.

	Huawei 
	1
	To differentiate with SUL id is the most straightforward approach 

	vivo
	3 or 4
	It seems we can use a common frequency index from both SUL and UL, as SUL and UL are in the same cell.

	CATT
	4, otherwise 1.
	As discussed online, we think it is easy for the NW to configure resources resulting in non-colliding RA-RNTIs. If not agreeable, we think option 1 minimizes the impact of adding SUL and keeps the same (legacy) formula in independently in each carrier when SUL is not configured.

	Spreadtrum
	
	Share OPPO’s view except that 64 preambles are not enough

	Nokia, NSB
	4
	This may half the max capacity of PRACH within one UL carrier but as UL/SUL will be assumed to be one cell, this should be equal to normal case.
In that sense, it could be easiest just to leave it for NW.

	Xiaomi
	4
	Although there are two UL carriers in one cell, the density of random access will not increase, which means the total requirement for RACH resources to keep the same collision probability doesn't change. Therefore, we don't need to increase total RACH resources. A simplest way to solve this problem is that network ensures the configuration of the time-frequency PRACH resources of the two carrier doesn't overlap. Compared to code resources (preamble), time-frequency resources are much larger. The division of time-frequency resources has less impact on the collision probability. No special handling is needed.
Option 1 & 4 increase the range of RNTI, and require standard effort.
Option 2 is more complicated, as it requires to change the format of RAR.

	LG
	1
	Option 1 seems straightforward. Option 1 could also be one way to extend f_id by considering SUL and UL.

	Qualcomm
	3
	Default UL and SUL can have very different bandwidth. Therefore, Option 1 and 2 would result in unnecessary RA-RNTIs. Option 4 has its own issues: if PRACH configurations on two links can overlap, that would result in unnecessary collision. If they can’t overlap, that would reduce the PRACH capacity. 

	NTT DOCOMO
	1 (or 4)
	Agree with LGE. 



Summary: This seems to be a contentious aspect as companies seem to be quite split in the view on how SUL carrier is differentiated. 6 companies are in favor of option 1, i.e. explicit factor in the RA-RNTI equation. In addition, 5 companies are also supportive of option 3 by extending the f_id field and extending the RA-RNTI space implicitly. 6 companies are also ok with using option 4. Finally, one company proposed to use the preamble domain differentiation to specify the UL carrier and another company prefers to use the RAR to carry the UL carrier index (option 2). In summary, 
Option 1: 6 companies
Option 2: 1 company
Option 3: 5 companies
Option 4: 6 companies
Option 5: 1 company
Based on the company views, RAN2 can potentially discuss down scoping between options 1, 3 and 4.

Proposal 2: It is proposed to further discuss how to specify some form of differentiation for SUL.
3.	Conclusion
Based to the discussion above, the following is proposed:

Proposal 1: It is proposed to adopt option 2 for computing RA-RNTI, i.e. define RACH transmission occasion and capture in the RA-RNTI equation. RAN2 should further discuss the exact definition of the RACH transmission occasion and how it captures symbol level granularity.
Proposal 2: It is proposed to further discuss how to specify some form of differentiation for SUL. 
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