	
3GPP TSG RAN WG1 #100bis-e	R1-2002112
e-Meeting, April 20th-30th, 2020
Agenda Item:		       7.2.1.1
Source:			Samsung
Title:		     Channel Structure for Two-Step RACH
Document for:		Discussion and Decision
1. Introduction
This contribution discusses the following corrections and remaining issues on 2step RACH:
· Reference point of slot level gap between PRACH and PUSCH;
· Priority on transmission of msgA(PRACH/PUSCH)/PUCCH/PUSCH/SRS
· PRACH and PUSCH mapping for 2step CFRA
2. Reference point of slot level gap between PRACH and PUSCH
The determination of the first PUSCH slot corresponds to a PRACH slot is described in TS 38.213[1] as following:
For mapping one or multiple preambles of a PRACH slot to a PUSCH occasion associated with a DMRS resource, a UE determines a first slot for a first PUSCH occasion in an active UL BWP from msgAPUSCH-TimeDomainOffset that provides an offset, in number of slots in the active UL BWP, relative to the start of each PRACH slot. The UE expects that a first PUSCH occasion in each slot has a same SLIV [6, TS 38.214] for a PUSCH transmission that is provided by startSymbolAndLengthMsgAPO.

There are three cases considering the SCS choice for PRACH and PUSCH. Thus, for case 1 (PRACH slot and PUSCH slot are in the same SCS), there is no issue. For case 2, PRACH slot is longer in time domain (e.g., in the smaller SCS), it is also no issue since the PRACH slot will be integral number of PUSCH slot. So using the start of the PRACH slot as the reference point is no issue. However, it might be a little bit tricky for the case 3, that PUSCH slot is longer as shown in following figure. The start of a PRACH slot could be in the middle of a PUSCH slot, e.g., like shown in the green line, if still using it as the reference and the offset provided by msgAPUSCH-TimeDomainOffset is 2 PUSCH slots, then the determined first msgA PUSCH slot is (half of) the 1st PUSCH slot and with the only half of the slot could be used and it will be different from the consecutive PUSCH slots. This is really not desirable, as it could be regarded as being against “a first PUSCH occasion in each slot has a same SLIV”.
Thus, there are two solutions to solve this:
Solution 1: change the reference to start of PUSCH slot which the RACH slot is overlapped with, from technical perspective, it solves all the problem since it will keep the internal number of PUSCH slots for the start of the reference, the offset and the determined msgA PUSCH slots. The only issue is it might be directly following our agreement.
Solution 2: define a rule that when UE find a start of the determined PUSCH slot is in a middle/part of a PUSCH slot, UE will further delay the starting of the msgA PUSCH slot to the start of the next/first complete PUSCH slot, which can allow us to strictly follow the agreement with an additional UE rule.     
[image: ]
Fig. 1 illustration of solutions to determine the start of msgA PUSCH slot
Observation 1: both solution 1 and solution 2 can solve the issue with different cost.
From our point of view, we think solution 1 seems more acceptable, because it aligns the purpose of determine the PUSCH slot using a offset in terms of multiple PUSCH slots, so it seems natural to actually put the reference start from the PUSCH slot instead of the PRACH slot. 
Proposal 1: the determination of the first msgA PUSCH slot is referring to the start of PUSCH slot which includes the RACH slot. 
Proposal 2: adopted following TP in section 8.1A of TS 38.213:
======================== Section 8.1A in TS38.213 unchanged part omitted ========================
“For mapping one or multiple preambles of a PRACH slot to a PUSCH occasion associated with a DMRS resource, a UE determines a first slot for a first PUSCH occasion in an active UL BWP from msgAPUSCH-TimeDomainOffset that provides an offset, in number of slots in the active UL BWP, relative to the start of the PUSCH slot which includes each the PRACH slot.”
====================================== End ===========================================
3. Priority on transmission of msgA PUCCH/PUSCH/SRS
1 
2 
3 
Validation of msgA PUSCH occasion
In the TS38.213, there is a description on protecting the valid RO and the Ngap OFDM symbols in front of the valid RO to not be indicated as downlink, and also not expecting any DL signal reception will not overlap with those valid ROs and the Ngap symbols. 
Then for the type-2 random access, the configured PUSCH occasion should go through validation first, then the valid PUSCH occasion is derived. We think the valid PUSCH occasion should be protected as well, and also the Ngap symbols before it. 
Proposal 3: the valid PUSCH occasion in msgA and the Ngap before a valid PUSCH occasion should be protected from being indicated as downlink. 
Proposal 4:Adopt following TP in section 11.1 in TS38.213:
======================== section 11.1 in TS38.213 unchanged part omitted ========================
“For a set of symbols of a slot corresponding to a valid PRACH occasion and [image: ] symbols before the valid PRACH occasion, as described in Sublcause 8.1, or a valid PUSCH occasion and [image: ] symbols before the valid PUSCH occasion, as described in Sublcause 8.1A, the UE does not receive PDCCH, PDSCH, or CSI-RS in the slot if a reception would overlap with any symbol from the set of symbols. The UE does not expect the set of symbols of the slot to be indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated.” 
====================================== End ===========================================
Priority consideration for UL signals
In Rel-15 4step RACH, there was a long discussion on handling the parallel transmission of UL signals (PRACH vs PUCCH/PUSCH/SRS). The key difference is that the PRACH transmission is zero-TA and other UL signals are usually transmitted with non-zero TA value. So if these two types of signals are too close, there will be some issue for UE implementation. Thus, in RAN1 we agree that if these situations (e.g., two signals are too close or in the same slot) happen, it’s up to UE implementation to transmit which signal(s), but PRACH should always hold higher priority when it meets the SRS in these situations, even though the spec is captured far more than restricted than what RAN1 has agreed.    
Moreover, there are new types of UL transmission in rel-16 considering the introduction of priority index indication as described in section 9 in TS38.213. However, that part only focuses on the PUSCH and PUCCH, e.g., how to handle the PUSCH/PUSCH overlapping for different priority cases. There is lack of discussion on the PRACH and this PUSCH/PUCCH especially when they are with larger priority index.
Observation 2: There is lack of discussion on the PRACH and this PUSCH/PUCCH especially when they are with larger priority index.   
Besides, considering our decision on the power allocation for msgA PRACH and PUSCH in PUSCH/PUCCH/PRACH/ SRS transmissions as described in Clause 7.5 in TS38.213, we have think the msgA PRACH has relatively higher priority compared to the msgA PUSCH. So we think regard the msgA PRACH is the same/similar priority with PUSCH/PUCCH with larger priority index; and msgA PUSCH is considered as PUSCH with smaller priority index as current spec describes. 
Thus, when the msgA PRACH and the PUSCH/PUCCH with larger priority index are in a same slot or when a gap between them are less than a given value, UE may not transmit both of them, this is following original rel-15 principle, that if a UE is so advanced, it can transmit both; but if a UE is somehow restricted, it can just transmit one of them. When the msgA PUSCH and the PUSCH/PUCCH with larger priority index are in a same slot or when a gap between them are less than a given value, then UE may only transmit PUSCH/PUCCH with larger priority index. A more simple illustration of such priority consideration is given in following table:
Table 1 - illustration of such priority consideration
	Case
	Signal X
	Signal Y
	UE at least transmit

	Case 1
	msgA PRACH
	PUSCH/PUCCH with larger priority index
	one of X/Y (UE implementation)

	Case 2
	msgA PRACH
	PUSCH/PUCCH with smaller priority index
	msgA PRACH

	Case 3
	msgA PRACH
	SRS
	msgA PRACH

	Case 4
	msgA PUSCH
	PUSCH/PUCCH with larger priority index
	PUSCH/PUCCH with larger priority index

	Case5
	msgA PUSCH
	PUSCH/PUCCH with smaller priority index
	one of X/Y (UE implementation)

	Case6
	msgA PUSCH
	SRS
	msgA PUSCH



Proposal 5: msgA PRACH should have same priority with PUSCH/PUCCH with larger priority index and the priority consideration in Table 1 should be supported.
Proposal 6: Adopt following TPs in section 8.1 and section 8.1A in TS38.213:
========================== 8.1 of 38.213 unchanged part omitted ===============================
For single cell operation or for operation with carrier aggregation in a same frequency band, a UE does not transmit PRACH and PUSCH/PUCCH/SRS in a same slot or when a gap between the first or last symbol of a PRACH transmission in a first slot is separated by less than [image: ] symbols from the last or first symbol, respectively, of a PUSCH/PUCCH/SRS transmission in a second slot where [image: ] for [image: ] or [image: ], [image: ] for [image: ] or [image: ], and [image: ] is the SCS configuration for the active UL BWP.
For Type-2 random access procedure, and for single cell operation or for operation with carrier aggregation in a same frequency band, a UE may not transmit both the msgA PRACH and the PUSCH/PUCCH with larger priority index in a same slot or when a gap between the first or last symbol of a msgA PRACH transmission in a first slot is separated by less than [image: ] symbols from the last or first symbol, respectively, of a PUSCH/PUCCH transmission with larger priority index in a second slot where [image: ] for [image: ] or [image: ], [image: ] for [image: ] or [image: ], and [image: ] is the SCS configuration for the active UL BWP. A UE at least transmits msgA PRACH if the msgA PRACH and the SRS, or the PUSCH/PUCCH with smaller priority index in a same slot or when a gap between the first or last symbol of a msgA PRACH transmission in a first slot is separated by less than [image: ] symbols from the last or first symbol, respectively, of a SRS transmission or a PUSCH/PUCCH transmission with smaller priority index in a second slot where [image: ] for [image: ] or [image: ], [image: ] for [image: ] or [image: ], and [image: ] is the SCS configuration for the active UL BWP. 
====================================== End ===========================================
========================== 8.1A of 38.213 unchanged part omitted ==============================
A PUSCH occasion is valid if it does not overlap in time and frequency with any PRACH occasion associated with either a Type-1 random access procedure or a Type-2 random access procedure. Additionally, if a UE is provided tdd-UL-DL-ConfigurationCommon, a PUSCH occasion is valid if 
-	it is within UL symbols, or 
-	it does not precede a SS/PBCH block in the PUSCH slot and starts at least  symbols after a last downlink symbol and at least  symbols after a last SS/PBCH block symbol, where  is provided in Table 8.1-2.
For Type-2 random access procedure, and for single cell operation or for operation with carrier aggregation in a same frequency band, a UE may not transmit both the msgA PUSCH and the PUSCH/PUCCH with smaller priority index in a same slot or when a gap between the first or last symbol of a msgA PUSCH transmission in a first slot is separated by less than [image: ] symbols from the last or first symbol, respectively, of a PUSCH/PUCCH transmission with smaller priority index in a second slot where [image: ] for [image: ] or [image: ], [image: ] for [image: ] or [image: ], and [image: ] is the SCS configuration for the active UL BWP. A UE at least transmits msgA PUSCH if the msgA PUSCH and the SRS in a same slot or when a gap between the first or last symbol of a msgA PUSCH transmission in a first slot is separated by less than [image: ] symbols from the last or first symbol, respectively, of a SRS transmission in a second slot where [image: ] for [image: ] or [image: ], [image: ] for [image: ] or [image: ], and [image: ] is the SCS configuration for the active UL BWP. 
====================================== End ===========================================
Cancellation of msgA PUSCH 
In the priority discussion in both Rel-15 and rel-16, there will be some cases that the PRACH transmission will be cancelled due to following possible reasons:
1. power allocation to PUSCH/PUCCH/PRACH/SRS transmissions as described in Clause 7.5, 
2. due to power allocation in EN-DC or NE-DC or NR-DC operation, 
3. due to slot format determination as described in Clause 11.1, 
4. due to the PUSCH/PUCCH/PRACH/SRS transmission occasions are in the same slot or the gap is small as described in Clause 8.1.
Particularly, since the 2step RACH are supported in SpCell, that means both Pcell or a primary secondary cell could have 2step RACH. The above 4 reasons could causing UE to cancel PRACH transmission are still valid to cause UE to cancel the msgA PRACH transmission.
Observation 2: the reasons causing UE to cancel PRACH transmission are still valid to cause UE to cancel the msgA PRACH transmission
However, since the msgA consists both PRACH and PUSCH, and we are not allowing the PUSCH only transmission for msgA, so that if msgA PRACH get cancelled due to above reasons, the UE should also not transmit the corresponding msgA PUSCH.
Proposal 7: UE should also not transmit the msgA PUSCH if the corresponding msgA PRACH get cancelled.
Proposal 8: Adopt following TP in section 8.1A in TS38.213:
========================== 8.1A of 38.213 unchanged part omitted ==============================
“A UE does not transmit a PUSCH in a PUSCH occasion if the PUSCH occasion associated with a DMRS resource is not mapped to a preamble of valid PRACH occasions. A UE can transmit a PRACH preamble in a valid PRACH occasion if the PRACH preamble is not mapped to a valid PUSCH occasion. 
If due to power allocation to PUSCH/PUCCH/PRACH/SRS transmissions as described in Clause 7.5, or due to power allocation in EN-DC or NE-DC or NR-DC operation, or due to slot format determination as described in Clause 11.1, or due to the PUSCH/PUCCH/PRACH/SRS transmission occasions are in the same slot or the gap is small as described in Clause 8.1, a UE does not transmit a msgA PRACH, then the UE does not transmit the corresponding msgA PUSCH if applicable.”
====================================== End ===========================================
4. PRACH and PUSCH mapping for 2step CFRA
In the LS from RAN2 [2], it describes two solutions for PRACH and PUSCH mapping in 2step CFRA as following:
Alt 1: Reusing the preamble-to-PRU mapping rule defined by RAN1 for CBRA and signaling the number of contention free preambles per SSB (field msgA-TotalNumberOfCFRAPreambles), and an offset, if needed, to be used for the start of the contention free preamble in each RACH occasion (field msgA-PreambleStartIndex)[2]. And it is noted that for CFRA dedicated configuration may include 1-to-1 mapping between a preamble index and a PUSCH resource unit.
Alt 2: The PUSCH occasions corresponding to a PRACH slot are indexed, first, in increasing order of frequency resource indexes for frequency multiplexed PUSCH occasions; second, in increasing order of time resource indexes for time multiplexed PUSCH occasions within a PUSCH slot and Third, in increasing order of indexes for PUSCH slots corresponding to a PRACH slot. PUSCH occasion index is signaled in RACH-ConfigDedicated in addition to ra-PreambleIndex [3]. The indexing order can either be captured in RAN1 spec or in RAN2 specs. The validation rules for PUSCH resource and the DMRS mapping related aspects are assumed to be transparent to RAN2. 

The major discussion points from RAN2 is that, they have agreed to provide the dedicated PRACH and PUSCH configuration for 2step CFRA, however, the mapping between the PRACH and PUSCH are not converged in RAN2. 
The alt.1 intends to configure a preamble set for contention free random access, given that, UE can use the same mapping rules for preamble and PUSCH resource. However, such idea, explicitly indicating a contention free preamble resource set, will let the gNB lose the configuration flexibility on the preamble in the contention free and this is NEVER the principle since LTE 4step CFRA. 
The alt.2 intends to avoid defining the implicit mapping between preamble and PRU by a rule, but purely gives the flexibility to gNB by providing the explicit preamble index and also a PUSCH occasion index. Such that the same principle and the benefits for contention free random access are kept. One clarification for the alt.2 is that both the PUSCH occasion index and DMRS resource index should be provided to UE and the ordering rules could purely reuse the one as already captured in TS38.213.  
Even for the contribution [4] that proposed alt.1 has admitted that the alt.2 will be more flexible, but it seems they are more worried about the impact to RAN1 will be larger in alt.2. But this is quite easy to solve by following some existing parameter setting in ASN.1. For example, we have 
We can use the same principle for providing the PUSCH occasion index and DMRS resource index with the ordering used in 38.213, like following:ra-OccasionList
RA occasions that the UE shall use when performing CF-RA upon selecting the candidate beam identified by this CSI-RS. The network ensures that the RA occasion indexes provided herein are also configured by prach-ConfigurationIndex and msg1-FDM. Each RACH occasion is sequentially numbered, first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions; second, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot and Third, in increasing order of indexes for PRACH slots.

PUSCH-Occasion-Index
The PUSCH occasions corresponding to a PRACH slot are sequentially numbered, first, in increasing order of frequency resource indexes for frequency multiplexed PUSCH occasions; second, in increasing order of time resource indexes for time multiplexed PUSCH occasions within a PUSCH slot and Third, in increasing order of indexes for PUSCH slots corresponding to a PRACH slot.
DMRS-resource-Index
The DMRS resource index in each PUSCH occasion are sequentially numbered, where a DMRS resource index is determined first in an ascending order of a DMRS port index and second in an ascending order of a DMRS sequence index.
Proposal 9: the PUSCH occasion index and the DMRS resource index are explicitly indicated to UE for 2step CFRA and the ordering of the PO and DMRS resource are reused the one captured in TS38.213, and capture following contents in the reply LS to RAN2:
PUSCH-Occasion-Index
The PUSCH occasions corresponding to a PRACH slot are sequentially numbered, first, in increasing order of frequency resource indexes for frequency multiplexed PUSCH occasions; second, in increasing order of time resource indexes for time multiplexed PUSCH occasions within a PUSCH slot and Third, in increasing order of indexes for PUSCH slots corresponding to a PRACH slot.
DMRS-resource-Index
The DMRS resource index in each PUSCH occasion are sequentially numbered, where a DMRS resource index is determined first in an ascending order of a DMRS port index and second in an ascending order of a DMRS sequence index.

5. Conclusion
In this contribution, considerations on 2step RACH are presented. In particular, the following are proposed:
Observation 1: both solution 1 and solution 2 can solve the issue with different cost.
Observation 2: the reasons causing UE to cancel PRACH transmission are still valid to cause UE to cancel the msgA PRACH transmission
Proposal 1: the determination of the first msgA PUSCH slot is referring to the start of PUSCH slot which includes the RACH slot. 
Proposal 2: adopted following TP in section 8.1A of TS 38.213:
======================== Section 8.1A in TS38.213 unchanged part omitted ========================
“For mapping one or multiple preambles of a PRACH slot to a PUSCH occasion associated with a DMRS resource, a UE determines a first slot for a first PUSCH occasion in an active UL BWP from msgAPUSCH-TimeDomainOffset that provides an offset, in number of slots in the active UL BWP, relative to the start of the PUSCH slot which includes each the PRACH slot.”
====================================== End ===========================================
Proposal 3: the valid PUSCH occasion in msgA and the Ngap before a valid PUSCH occasion should be protected from being indicated as downlink. 
Proposal 4:Adopt following TP in section 11.1 in TS38.213:
======================== section 11.1 in TS38.213 unchanged part omitted ========================
“For a set of symbols of a slot corresponding to a valid PRACH occasion and [image: ] symbols before the valid PRACH occasion, as described in Sublcause 8.1, or a valid PUSCH occasion and [image: ] symbols before the valid PUSCH occasion, as described in Sublcause 8.1A, the UE does not receive PDCCH, PDSCH, or CSI-RS in the slot if a reception would overlap with any symbol from the set of symbols. The UE does not expect the set of symbols of the slot to be indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated.” 
====================================== End ===========================================
Proposal 5: msgA PRACH should have same priority with PUSCH/PUCCH with larger priority index and the priority consideration in Table 1 should be supported.
Proposal 6: Adopt following TPs in section 8.1 and section 8.1A in TS38.213:
========================== 8.1 of 38.213 unchanged part omitted ===============================
For single cell operation or for operation with carrier aggregation in a same frequency band, a UE does not transmit PRACH and PUSCH/PUCCH/SRS in a same slot or when a gap between the first or last symbol of a PRACH transmission in a first slot is separated by less than [image: ] symbols from the last or first symbol, respectively, of a PUSCH/PUCCH/SRS transmission in a second slot where [image: ] for [image: ] or [image: ], [image: ] for [image: ] or [image: ], and [image: ] is the SCS configuration for the active UL BWP.
For Type-2 random access procedure, and for single cell operation or for operation with carrier aggregation in a same frequency band, a UE may not transmit both the msgA PRACH and the PUSCH/PUCCH with larger priority index in a same slot or when a gap between the first or last symbol of a msgA PRACH transmission in a first slot is separated by less than [image: ] symbols from the last or first symbol, respectively, of a PUSCH/PUCCH transmission with larger priority index in a second slot where [image: ] for [image: ] or [image: ], [image: ] for [image: ] or [image: ], and [image: ] is the SCS configuration for the active UL BWP. A UE at least transmits msgA PRACH if the msgA PRACH and the SRS, or the PUSCH/PUCCH with smaller priority index in a same slot or when a gap between the first or last symbol of a msgA PRACH transmission in a first slot is separated by less than [image: ] symbols from the last or first symbol, respectively, of a SRS transmission or a PUSCH/PUCCH transmission with smaller priority index in a second slot where [image: ] for [image: ] or [image: ], [image: ] for [image: ] or [image: ], and [image: ] is the SCS configuration for the active UL BWP. 
====================================== End ===========================================
========================== 8.1A of 38.213 unchanged part omitted ==============================
A PUSCH occasion is valid if it does not overlap in time and frequency with any PRACH occasion associated with either a Type-1 random access procedure or a Type-2 random access procedure. Additionally, if a UE is provided tdd-UL-DL-ConfigurationCommon, a PUSCH occasion is valid if 
-	it is within UL symbols, or 
-	it does not precede a SS/PBCH block in the PUSCH slot and starts at least  symbols after a last downlink symbol and at least  symbols after a last SS/PBCH block symbol, where  is provided in Table 8.1-2.
For Type-2 random access procedure, and for single cell operation or for operation with carrier aggregation in a same frequency band, a UE may not transmit both the msgA PUSCH and the PUSCH/PUCCH with smaller priority index in a same slot or when a gap between the first or last symbol of a msgA PUSCH transmission in a first slot is separated by less than [image: ] symbols from the last or first symbol, respectively, of a PUSCH/PUCCH transmission with smaller priority index in a second slot where [image: ] for [image: ] or [image: ], [image: ] for [image: ] or [image: ], and [image: ] is the SCS configuration for the active UL BWP. A UE at least transmits msgA PUSCH if the msgA PUSCH and the SRS in a same slot or when a gap between the first or last symbol of a msgA PUSCH transmission in a first slot is separated by less than [image: ] symbols from the last or first symbol, respectively, of a SRS transmission in a second slot where [image: ] for [image: ] or [image: ], [image: ] for [image: ] or [image: ], and [image: ] is the SCS configuration for the active UL BWP. 
====================================== End ===========================================
Proposal 7: UE should also not transmit the msgA PUSCH if the corresponding msgA PRACH get cancelled.
Proposal 8: Adopt following TP in section 8.1A in TS38.213:
========================== 8.1A of 38.213 unchanged part omitted ==============================
“A UE does not transmit a PUSCH in a PUSCH occasion if the PUSCH occasion associated with a DMRS resource is not mapped to a preamble of valid PRACH occasions. A UE can transmit a PRACH preamble in a valid PRACH occasion if the PRACH preamble is not mapped to a valid PUSCH occasion. 
If due to power allocation to PUSCH/PUCCH/PRACH/SRS transmissions as described in Clause 7.5, or due to power allocation in EN-DC or NE-DC or NR-DC operation, or due to slot format determination as described in Clause 11.1, or due to the PUSCH/PUCCH/PRACH/SRS transmission occasions are in the same slot or the gap is small as described in Clause 8.1, a UE does not transmit a msgA PRACH, then the UE does not transmit the corresponding msgA PUSCH if applicable.”
====================================== End ===========================================
Proposal 9: the PUSCH occasion index and the DMRS resource index are explicitly indicated to UE for 2step CFRA and the ordering of the PO and DMRS resource are reused the one captured in TS38.213, and capture following contents in the reply LS to RAN2:
PUSCH-Occasion-Index
The PUSCH occasions corresponding to a PRACH slot are sequentially numbered, first, in increasing order of frequency resource indexes for frequency multiplexed PUSCH occasions; second, in increasing order of time resource indexes for time multiplexed PUSCH occasions within a PUSCH slot and Third, in increasing order of indexes for PUSCH slots corresponding to a PRACH slot.
DMRS-resource-Index
The DMRS resource index in each PUSCH occasion are sequentially numbered, where a DMRS resource index is determined first in an ascending order of a DMRS port index and second in an ascending order of a DMRS sequence index.
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