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1. Introduction

In Rel-16, NR-based Access to Unlicensed Spectrum is being specified. This contribution is to handle some remain issues on initial access channel and signal, including the definition for valid RO, clarification on UE behavior in 2-step RACH procedure, association between SSB and CSI-RS.  

2. Text Proposal
2.1. Valid RO for NR-U
The description for valid PRACH occasion need to be updated.

Proposal 1: Adopt TP1 into section 8.1 of TS 38.213.
---------------------------------------- TP1: Start of TP 38.213 section 8.1----------------------------------------------
8.1
Random access preamble
<Unchanged parts are omitted>

For unpaired spectrum 
if a UE is not provided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if it does not precede a SS/PBCH block in the PRACH slot and starts at least Ngap symbols after a last SS/PBCH block reception symbol, where Ngap  is provided in Table 8.1-2
if a UE is not provided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if it is not in the Type0-PDCCH monitoring slot.

<Unchanged parts are omitted>
------------------------------------------End of TP 38.213 section 8.1----------------------------------------------
2.2. SSB and CSI-RS transmission within a DRS window
According to spec in 38.214 section 5.1.6.1.2 and quoted below, UE may assume CSI-RS and SSB are quasi co-located if the CSI-RS and the SSB are transmitted in the same OFDM symbols.

	If the UE is configured with the CSI-RS resource in the same OFDM symbol(s) as an SS/PBCH block, the UE may assume that the CSI-RS and the SS/PBCH block are quasi co-located with 'QCL-TypeD' if 'QCL-TypeD' is applicable. Furthermore, the UE shall not expect to be configured with the CSI-RS in PRBs that overlap with those of the SS/PBCH block, and the UE shall expect that the same subcarrier spacing is used for both the CSI-RS and the SS/PBCH block.


Accordingly, QCL relationship between CSI-RS and SSB in the same OFDM symbols should be clarified for CSI-RS transmission within a DRS window.

Proposal 2: If the CSI-RS resource and the SSB resource are in the same OFDM symbol, the corresponding CSI-RS and SSB shall be assumed as quasi co-located.

· Adopt TP2 into section 4.0 of TS 37.213.
----------------------------------- TP2: Start of TP 37.213 section 4.0 ---------------------------------------------
4.0 General

<Unchanged parts are omitted>

-
A discovery burst refers to a DL transmission burst including a set of signal(s) and/or channel(s) confined within a window and associated with a duty cycle. The discovery burst can be any of the following:
-
Transmission(s) initiated by an eNB that includes a primary synchronization signal (PSS), secondary synchronization signal (SSS) and cell-specific reference signal(s)(CRS) and may include non-zero power CSI reference signals (CSI-RS).

-
Transmission(s) initiated by a gNB that includes at least an SS/PBCH block consisting of a primary synchronization signal (PSS), secondary synchronization signal (SSS), physical broadcast channel (PBCH) with associated demodulation reference signal (DM-RS) and may also include CORESET for PDCCH scheduling PDSCH with SIB1, and PDSCH carrying SIB1 and/or non-zero power CSI reference signals (CSI-RS). The CSI-RS and the SS/PBCH block are quasi co-located with 'QCL-TypeD' if the CSI-RS resource and the SS/PBCH block are in the same OFDM symbol(s). 
----------------------------------------End of TP 37.213 section 4.0 ---------------------------------------------

2.3. LBT procedure for MsgA transmission in 2-step RACH 

For MsgA transmission in 2-step RACH procedure, if UE initiates a COT for RACH occasion (RO) of MsgA transmission using type-1 channel access procedure with a selected CAPC, e.g., CAPC p=1, and if the corresponding PUSCH occasion (PO) of MsgA is within the COT initiated by the UE, type-2A/2B/2C channel access procedure should be allowed for PUSCH transmission depends on the gap size between RO resource and PO resource. Figure 1 gives an example. Specifically, for PUSCH transmission, if the gap is smaller than 16[image: image2.png]


, type 2C channel access procedure should be used. If the gap is more than or equal to 16[image: image4.png]


 but less than 25[image: image6.png]


, type 2B channel access procedure should be used. If the gap is more than or equal to 25[image: image8.png]


, type 2A channel access procedure should be used.
If the corresponding PO resource is outside the COT initiated by the UE for preamble transmission on the RO resource, UE shall use type-1 channel access procedure for PUSCH transmission.
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Figure 1 LBT for MsgA in 2-step RACH

Besides, there is a typo in the spec that the referred table for type-1 channel access procedure should be Table 4.2.1-1 instead of Table 4.2.1. 
Proposal 3: In 2-step RACH, if a PO is within a COT initiated by a UE for PRACH transmission on an associated RO, for PUSCH transmission on the PO,

· If the gap between the RO and the PO is smaller than 16[image: image11.png]


, type 2C channel access procedure should be used.

· If the gap between the RO and the PO is more than or equal to 16[image: image13.png]


 but less than 25[image: image15.png]


, type 2B channel access procedure should be used.

· If the gap between the RO and the PO is more than or equal to 25[image: image17.png]


, type 2A channel access procedure should be used.

· Adopt TP3 into section 4.2.1 of TS 37.213.

----------------------------------- TP3: Start of TP 37.213 section 4.2.1 ---------------------------------------------

4.2.1
Channel access procedures for uplink transmission(s)
<Unchanged parts are omitted>

A UE shall use Type 1 channel access procedure for transmissions related to random access procedure that initiate a channel occupancy with UL channel access priority class [image: image19.png]


 in Table 4.2.1-1.
In Type-2 random access procedure, a UE may transmit a PUSCH on a PUSCH occasion within a channel occupancy that the UE initiated for a PRACH transmission on an associated RACH occasion after a gap as follows:
-
If the gap is up to[image: image21.png]16us



, the UE can transmit the PUSCH on the channel after performing Type 2C UL channel access as described in subclause 4.2.1.2.3.

-
If the gap is more than or equal to 16[image: image23.png]


 but less than 25[image: image25.png]


, the UE can transmit the PUSCH on the channel after performing Type 2B UL channel access as described in subclause 4.2.1.2.2.

-
If the gap is more than or equal to 25[image: image27.png]


, the UE can transmit the PUSCH on the channel after performing Type 2A UL channel access as described in subclause 4.2.1.2.1.

<Unchanged parts are omitted>

----------------------------------------End of TP 37.213 section 4.2.1 ---------------------------------------------

3. Discussion
3.1. Valid RO for NR-U
In 5G NR, gNB could configure UE a set of PRACH occasions. Additionally, whether a PRACH occasion is valid or not depends on several predefined rules, e,g, the PRACH resource on downlink symbols should not be treated as valid PRACH resource, and the PRACH resource on flexible symbols which are scheduled to transmit PDSCH/PUSCH should not be treated as valid PRACH resource, and the resources used to transmit SS/PBCH block(i.e. SSB) should not be treated as valid PRACH resource as well. 
Some descriptions in current Rel-15 38.213 version are listed as below.

In chapter 8.1, “If a UE is not provided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if it does not precede a SS/PBCH block in the PRACH slot and starts at least Ngap symbols after a last SS/PBCH block reception symbol, where   is provided in Table 8.1-2”. 

In chapter 11.1, “For a set of symbols of a slot that are indicated to a UE by higher layer parameter ssb-PositionsInBurst in SystemInformationBlockType1 or ssb-PositionsInBurst in ServingCellConfigCommon, when provided to the UE, for reception of SS/PBCH blocks, the UE does not transmit PUSCH, PUCCH, PRACH in the slot if a transmission would overlap with any symbol from the set of symbols and the UE does not transmit SRS in the set of symbols of the slot. The UE does not expect the set of symbols of the slot to be indicated as uplink by higher layer parameters TDD-UL-DL-ConfigurationCommon, or TDD-UL-DL-ConfigDedicated, when provided to the UE”. 
In unlicensed band, considering the collision between SSB and RO, rules for valid RO defined in NR Rel-15 could be reused. However, for the potential collision between RMSI, including PDCCH and PDSCH of RMSI, that will be a new issue that needs to be discussed further.
In 5G NR, RMSI should be transmitted on downlink symbols. A UE could obtain the downlink configuration and RACH related configuration before initiating a random access procedure. Thus, the UE could calculate which PRACH occasion is valid based on these downlink configuration and RACH related configuration. But in unlicensed band, it is difficult to predefine the downlink and the uplink resources due to the LBT mechanism. UE could not get the downlink configuration before the random access procedure. Thus, if a RO is overlapped with a RMSI resource, whether the resource should be used for Preamble transmission or RMSI reception is ambiguous. 
Here, we regard that some rules for the collision case between RMSI and RO also need to be defined in NR-U. Similar like the rules for SSB, if a PRACH occasion is overlapped (fully or partially) with a slot which contains RMSI, the PRACH occasion could not be used for preamble transmission, the PRACH occasion could not be used for the mapping between SS/PBCH block(s) and valid PRACH occasions, the PRACH occasion should be treated as invalid PRACH occasion. Here, RMSI is the RMSI(s) associated with transmitted SS/PBCH block(s) and the QCLed SS/PBCH block(s).
Proposal 4: If a PRACH occasion is overlapped (fully or partially) with a slot which contains RMSI, the PRACH occasion should be treated as invalid PRACH occasion.
3.2. Association between SSB and CSI-RS

In NR Rel-15, CSI-RS could be associated with SSB. As described in 38.331, if associated SSB is present, the UE may base the timing of the CSI-RS resource indicated in CSI-RS-Resource-Mobility on the timing of the cell indicated by the cellId in the CSI-RS-CellMobility. In this case, the UE is not required to monitor that CSI-RS resource if the UE cannot detect the SS/PBCH block indicated by this associatedSSB and cellId. If this field is absent, the UE shall base the timing of the CSI-RS resource indicated in CSI-RS-Resource-Mobility on the timing of the serving cell. In this case, the UE is required to measure the CSI-RS resource even if SS/PBCH block(s) with cellId in the CSI-RS-CellMobility are not detected. For the CSI-RS for RRM, it can be configured to be associated with a SSB (with a configured SSB index) in R15. This association is in CSI-RS-Resource-Mobility IE. In R15, once the association is configured, the UE needs to first detect the associated SSB before starting to monitor the CSI-RS. 
The issue is found in the following case: When CSI-RS resource is configured in a same slot with a SSB candidate for OCB requirement, to fulfill the OCB requirement, naturally each SSB candidate corresponds to one CSI-RS resource, as shown in the figure below. In this situation, the presence of a SSB candidate (e.g. SSB cand#X) decides the presence of a CSI-RS in its slot. However, if one CSI-RS resource is associated with SSB beam index, it changes to imply that the presence of the CSI-RS depends on the presence of any of the SSB candidates QCL’ed with the SSB beam index. In consequence, if the network manages to transmit any one SSB candidate (e.g. SSB cand#0) QCL’ed with the SSB beam index, the network has to transmit the CSI-RS in other SSB candidate slots (e.g. SSB cand#4, #8, #12) even though these SSB candidates are not transmitted. To address this issue in this scenario, we think that the CSI-RS is more reasonable to be associated with SSB candidate index. 
But in other scenario that the CSI-RS is not used for fulfilling OCB requirement, e.g. CSI-RS outside DRS window. We think that it is reasonable to configure the CSI-RS associated with SSB beam index. Thus, in our proposal, the network should have the flexibility to configure CSI-RS to be associated with either SSB candidate index or SSB beam index depending on different use cases.
To configure the associated SSB, NR Rel-15 uses the SSB index to indicate a definite SSB. However in NR-U, as discussed in previous meeting, there will be two different index related to a SSB, one is the timing related index(candidate SS/PBCH block index) and another is QCL related index(SS/PBCH block index). Thus, whether the associated SSB should be indicated with SSB index or candidate SSB index should be clarified.
Case 1: For the CSI-RS outside the DRS window

For the CSI-RS outside the DRS window, SSB index could be reused to indicate associated SSB, since the timing and direction related information are carried by the indication of SSB index.

Case 2: For the CSI-RS inside the DRS window

Here, we should pay more attention to the CSI-RS inside the DRS window since the requirement of OCB. As shown in Fig.1, SSB with candidate SSB index0/4/8/12 are QCLed (assuming Q=4). These SSB share a common SSB index, i.e. SSB index 0. Considering a configuration that 4 CSI-RS are associated with these 4 SSB respectively. If SSB index is used to indicate the associated SSB, all of these four CSI-RS need to be transmitted when one of the SSB is transmitted. However, in this case only the CSI-RS associated with the actual transmitted SSB needs to be transmitted, and the others are not needed. Thus, we regard that for the CSI-RS inside DRS window, candidate SSB index should be used to indicate the associated SSB when configuring CSI-RS based RRM measurement.
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Figure 1
Proposal 5: For the CSI-RS outside DRS window, the associated SSB index should be the SSB index, for the CSI-RS inside DRS window, the associated SSB should be the candidate SSB index.

4. Conclusion
In this contribution, we discuss the ambiguity issue on valid RO, UE behavior in 2-step RACH procedure and association between SSB and CSI-RS. Based on the discussion, we have the following proposals:
Proposal 1: Adopt TP1 into section 8.1 of TS 38.213.

Proposal 2: If the CSI-RS resource and the SSB resource are in the same OFDM symbol, the corresponding CSI-RS and SSB shall be assumed as quasi co-located.

· Adopt TP2 into section 4.0 of TS 37.213.
Proposal 3: In 2-step RACH, if a PO is within a COT initiated by a UE for PRACH transmission on an associated RO, for PUSCH transmission on the PO,

· If the gap between the RO and the PO is smaller than 16[image: image30.png]


, type 2C channel access procedure should be used.

· If the gap between the RO and the PO is more than or equal to 16[image: image32.png]


 but less than 25[image: image34.png]


, type 2B channel access procedure should be used.

· If the gap between the RO and the PO is more than or equal to 25[image: image36.png]


, type 2A channel access procedure should be used.

· Adopt TP3 into section 4.2.1 of TS 37.213.

Proposal 4: If a PRACH occasion is overlapped (fully or partially) with a slot which contains RMSI, the PRACH occasion should be treated as invalid PRACH occasion.

Proposal 5: For the CSI-RS outside DRS window, the associated SSB index should be the SSB index, for the CSI-RS inside DRS window, the associated SSB should be the candidate SSB index.
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