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1 Introduction
This contribution discusses the remaining issues of initial access signals and channels for NR-U:
· CSI-RS in discovery burst
· LBT gap for RO 
2 CSI-RS in Discovery Burst 
In LTE LAA, a CSI-RS resource can be configured in discovery burst, and its transmission location can be flexible according to the result of LBT. To facilitate simpler UE detection and measurement, same CSI-RS sequence is utilized per half frame. An example of LTE LAA CSI-RS in discovery burst is shown in Figure 1. 


[bookmark: _Ref32311461]Figure 1 Illustration of LTE LAA CSI-RS in discovery burst.
For NR-U, CSI-RS as part of discovery burst was agreed to be supported, in order to share channel access procedure with SS/PBCH block in the discovery burst. However, current NR CSI-RS may not fully achieve the same level of functionality of CSI-RS as in LTE LAA. For example, in order to configure UE to monitor multiple occasions for CSI-RS within a discovery burst transmission window, multiple CSI-RS resources need to be configured for such UE (e.g. 10 CSI-RS resources for monitoring each slot in the 5 ms transmission window), and the gNB needs to utilize CSI-RS validation method (e.g. by using TDD configuration and/or GC-PDCCH) to indicate UE whether the corresponding CSI-RS resources are transmitted. For the scenario that TDD configuration is not applicable (which is typical for NR-U) and/or GC-PDCCH is not configured to be monitored, the UE has to detect all the CSI-RS and perform corresponding measurement. In this sense, the gNB shall always guarantee the transmission of CSI-RS, otherwise, the measurement performance can be degraded due to LBT. Meanwhile, the UE needs to utilize a distinct CSI-RS sequence for detection and measurement in each monitoring occasion (e.g. also 10 CSI-RS sequences if monitoring each slot in the 5 ms transmission window), which is not efficient from the UE perspective. 
The above analysis shows inefficiency for the typical implementation scenario mentioned by the RAN1 group, and functionally, current Rel-15 CSI-RS can still work for RRM due to a large number of configurations for RRM, although not efficiently as discussed above. However, the above mentioned typical implementation scenario is not possible for RLM, wherein the maximum number of RS for RLM is only 4, and the RS includes both SS/PBCH block and CSI-RS, so the gNB cannot implement with multiple CSI-RS occasions in a discovery burst. To resolve this issue, we propose the following enhancement to NR-U CSI-RS in discovery burst, at least for RLM purpose. 
In one aspect, at least for RLM, one CSI-RS resource shall have multiple potential transmission locations within the discovery burst transmission window, similar to the SS/PBCH blocks in the discovery burst. NR-U has already introduced QCL assumption parameter  for SS/PBCH blocks in the discovery burst transmission window, and the same parameter can be utilized for CSI-RS for RLM in the discovery burst transmission window. Since the unit for  is number of SS/PBCH blocks, and its value range is from {1, 2, 4, 8}, the wrapped-around granularity for CSI-RS transmission shall be . 
In another aspect, to facilitate UE’s detection and measurement, the group of CSI-RS sequences corresponding to the group of QCLed SS/PBCH blocks shall utilize the same CSI-RS sequence, similar to LTE LAA. 
An illustration of the proposed enhancement is shown in Figure 2. 


[bookmark: _Ref32314194]Figure 2 Illustration of proposed NR CSI-RS enhancement in discovery burst.
Proposal 1: At least for RLM, NR-U shall support the following enhancement to CSI-RS as part of discovery burst: 
· UE assumes a CSI-RS resource has at least one transmission occasions in a discovery burst transmission window, wherein the slot index of the transmission occasion has the same value of ; 
· The initial condition for generating the CSI-RS sequence in a discovery burst transmission window is the same in at least one transmission occasions and according to 
.
· Adopt the following TP for Section 5 of TS 38.213 and TP for Section 7.4.1.5.2 of TS 38.211
================================= Start of TP for TS 38.213 =================================
5 	Radio Link Monitoring
================================ Unchanged Texts Omitted =================================
For operation with shared spectrum channel access, when a UE is provided a SS/PBCH block index by ssb-Index, the UE is expected to perform radio link monitoring using SS/PBCH block(s) in the discovery burst transmission window as described in Clause 4.1. 
For operation with shared spectrum channel access, when a UE is provided a CSI-RS resource configuration index by csi-RS-Index, and the CSI-RS resource is configured in the discovery burst transmission window, the UE assumes the CSI-RS resource can be transmitted in one of the occasions in the discovery burst transmission window with slot index having the same value of , where  is the slot index within the discovery burst transmission window.
================================ Unchanged Texts Omitted =================================
================================= End of TP for TS 38.213 =================================
================================= Start of TP for TS 38.211 =================================
[bookmark: _Toc19796515][bookmark: _Toc26459741][bookmark: _Toc29230391][bookmark: _Toc36026650]7.4.1.5.2	Sequence generation

The UE shall assume the reference-signal sequence  is defined by



where the pseudo-random sequence  is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialised with





at the start of each OFDM symbol where  and  is the slot index within the discovery burst transmission window, if the CSI-RS resource is configured within a discovery burst transmission window for radio link monitoring and for operation with shared spectrum channel access, and  is the slot number within a radio frame otherwise,  is the OFDM symbol number within a slot, and  equals the higher-layer parameter scramblingID or sequenceGenerationConfig.
================================= End of TP for TS 38.211 =================================
3 LBT Gap for RO
In Rel-15 NR, PRACH can be transmitted in the time resources given by the higher-layer parameter PRACHConfigurationIndex, based on which the RACH occasions can be derived from the PRACH configuration table. In particular, the RO(s) within a RACH slot are allocated consecutively in Rel-15 NR. 
Given that LBT is required before each PRACH transmission, the consecutive allocation of ROs within a PRACH slot could lead to the scenario where LBT for a RO is failed due to a PRACH transmission utilizing the previous RO. In a typical scenario, the duration for LBT can expand over a number of symbols, such that a LBT gap is needed before a RO. The gap duration between neighboring ROs can be achieved by configuring UEs to only utilize the RACH occasions with odd indexes 2n+1 (e.g., the 1-st, 3-rd, 5-th) within the RACH slot for PRACH transmissions, while the RACH occasions with even indexes 2n (e.g., the 0-th, 2-nd, 4-th) can be used for the LBT operation of UEs that will utilize RO with index 2n+1. This approach can directly use the existing PRACH configuration table from Rel-15 and thus requires less changes. An illustration of this approach is illustrated in Figure 3, wherein 6 ROs with PRACH preamble format A1 are configured within the RACH slot, among which 3 ROs are configured as the LBT gap.
[image: ]
Figure 3. An example of creating LBT gap through even/odd RO indexes.
Proposal 2: NR-U shall support non-consecutive ROs within the same RACH slot, wherein the ROs with even/odd indexes are reserved for LBT gap. 
· Adopt the following TP for TS 38.213
================================= Start of TP for TS 38.213 =================================
8.1 	Random access preamble
================================ Unchanged Texts 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  symbols after a last SS/PBCH block reception symbol, where  is provided in Table 8.1-2 and, if ChannelAccessMode-r16 = semistatic is provided, does not overlap with a set of consecutive symbols before the start of a next channel occupancy time where the UE does not transmit [15, TS 37.213]
-	the index of the SS/PBCH block is provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon 
-	If a UE is provided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if 
-	it is within UL symbols, or 
-	it does not precede a SS/PBCH block in the PRACH 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, and if ChannelAccessMode-r16 = semistatic is provided, does not overlap with a set of consecutive symbols before the start of a next channel occupancy time where there shall not be any transmissions, as described in [15, TS 37.213]
-	the index of the SS/PBCH block is provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon. 
For preamble format B4 [4, TS 38.211], . 
Table 8.1-2:  values for different preamble SCS 
	Preamble SCS
	

	1.25 kHz or 5 kHz
	0

	15 kHz or 30 kHz or 60 kHz or 120 kHz
	2



For both paired spectrum and unpaired spectrum, if operation with shared spectrum channel access, only the even numbered RO in a PRACH slot provided by higher layer configuration for PRACH transmission [4, TS 38.211] are available to be used.
================================ Unchanged Texts Omitted =================================
================================= End of TP for TS 38.213 =================================
4 Conclusion
The proposals made in this contribution are summarized below:
Proposal 1: At least for RLM, NR-U shall support the following enhancement to CSI-RS as part of discovery burst: 
· UE assumes a CSI-RS resource has at least one transmission occasions in a discovery burst transmission window, wherein the slot index of the transmission occasion has the same value of ; 
· The initial condition for generating the CSI-RS sequence in a discovery burst transmission window is the same in at least one transmission occasions and according to 
.
· Adopt the following TP for Section 5 of TS 38.213 and TP for Section 7.4.1.5.2 of TS 38.211
================================= Start of TP for TS 38.213 =================================
5 	Radio Link Monitoring
================================ Unchanged Texts Omitted =================================
For operation with shared spectrum channel access, when a UE is provided a SS/PBCH block index by ssb-Index, the UE is expected to perform radio link monitoring using SS/PBCH block(s) in the discovery burst transmission window as described in Clause 4.1. 
For operation with shared spectrum channel access, when a UE is provided a CSI-RS resource configuration index by csi-RS-Index, and the CSI-RS resource is configured in the discovery burst transmission window, the UE assumes the CSI-RS resource can be transmitted in one of the occasions in the discovery burst transmission window with slot index having the same value of , where  is the slot index within the discovery burst transmission window.
================================ Unchanged Texts Omitted =================================
================================= End of TP for TS 38.213 =================================
================================= Start of TP for TS 38.211 =================================
7.4.1.5.2	Sequence generation

The UE shall assume the reference-signal sequence  is defined by



where the pseudo-random sequence  is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialised with





at the start of each OFDM symbol where  and  is the slot index within the discovery burst transmission window, if the CSI-RS resource is configured within a discovery burst transmission window for radio link monitoring and for operation with shared spectrum channel access, and  is the slot number within a radio frame otherwise,  is the OFDM symbol number within a slot, and  equals the higher-layer parameter scramblingID or sequenceGenerationConfig.
================================= End of TP for TS 38.211 =================================
Proposal 2: NR-U shall support non-consecutive ROs within the same RACH slot, wherein the ROs with even/odd indexes are reserved for LBT gap. 
· Adopt the following TP for TS 38.213
================================= Start of TP for TS 38.213 =================================
8.1 	Random access preamble
================================ Unchanged Texts 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  symbols after a last SS/PBCH block reception symbol, where  is provided in Table 8.1-2 and, if ChannelAccessMode-r16 = semistatic is provided, does not overlap with a set of consecutive symbols before the start of a next channel occupancy time where the UE does not transmit [15, TS 37.213]
-	the index of the SS/PBCH block is provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon 
-	If a UE is provided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if 
-	it is within UL symbols, or 
-	it does not precede a SS/PBCH block in the PRACH 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, and if ChannelAccessMode-r16 = semistatic is provided, does not overlap with a set of consecutive symbols before the start of a next channel occupancy time where there shall not be any transmissions, as described in [15, TS 37.213]
-	the index of the SS/PBCH block is provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon. 
For preamble format B4 [4, TS 38.211], . 
Table 8.1-2:  values for different preamble SCS 
	Preamble SCS
	

	1.25 kHz or 5 kHz
	0

	15 kHz or 30 kHz or 60 kHz or 120 kHz
	2



For both paired spectrum and unpaired spectrum, if operation with shared spectrum channel access, only the even numbered RO in a PRACH slot provided by higher layer configuration for PRACH transmission [4, TS 38.211] are available to be used.
================================ Unchanged Texts Omitted =================================
================================= End of TP for TS 38.213 =================================
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