Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _Hlk524960236]3GPP TSG-RAN WG1 Meeting Ad Hoc 1901	 					R1-1900998
Taipei, Taiwan, 21st – 25th January, 2019

Agenda Item:	7.2.2.2.1
Source:	Ericsson
Title:	Channel access mechanisms for NR-U
Document for:	Discussion, Decision
1	Introduction
In this contribution we discuss channel access aspects related to NR-U in both 5 and 6 GHz. 
[bookmark: _Ref178064866]2	Discussion
2.1	LBT for DL Control messages
During the SI phase, the following note was agreed [1]: 
	Channels / signals initiating the COT
	Cat 2 LBT
	Cat 4 LBT

	DL
	DRS alone or multiplexed with non-unicast data (e.g. OSI, paging, RAR) 
	[bookmark: _Hlk534805966]when the DRS duty cycle <= 1/20, and the total duration is up to 1 ms:
· 25 us Cat 2 LBT is used (as in LAA)
	When DRS duty cycle is > 1/20, or 
total duration > 1 ms, 


	
	DRS multiplexed with unicast data 
	N/A except for the cases discussed in the Note below
	Channel access priority class is selected according to the multiplexed data


	
	PDCCH and PDSCH
	N/A except for the cases discussed in the Note below
	Channel access priority class is selected according to the multiplexed data



· Note: Applicability of an LBT scheme other than Cat 4 for control messages related to initial/random access, mobility, paging, reference signals -only, and PDCCH-only transmissions, e.g. “RACH message 4”, handover command, GC-PDCCH, or short message paging transmitted either alone or when multiplexed with DRS have been discussed. 

In LAA, the choice of LBT priority class for grant-only transmissions, i.e. PDCCH only, is up to eNB.  Similarly, the usage of the lowest priority class value should be allowed for NR-U transmissions that are comprised of control information (broadcast or UE specific) that is not multiplexed with PDSCH scheduled by DCI formats with CRC scrambled by C-RNTI or CS-RNTI. This includes, CSS(s) transmissions (PDCCH+PDSCH) carrying RAR, paging, RRC signalling, etc.
[bookmark: _Toc535011033]When downlink control channels/signals are initiating the COT and transmitted without any multiplexing with PDSCH scheduled by DCI formats with CRC scrambled by C-RNTI or CS-RNTI, the lowest priority class value is used for accessing the channel. E.g.
a. [bookmark: _Toc535011034]PDCCH-only
b. [bookmark: _Toc535011035]CSS PDCCH(s) and their corresponding PDSCH, e.g. RAR, paging, RRC signalling
c. [bookmark: _Toc535011036][bookmark: _Toc535011037]Reference signals
[bookmark: _Toc535011038][bookmark: _Toc535011039][bookmark: _Toc535011040][bookmark: _Toc535011041][bookmark: _Toc535011042]CAT4 LBT with the lowest priority class value can be used for DRS transmissions if CAT2 LBT conditions are not fulfilled. 
2.2	gNB initiated COT: 
During the SI phase, the following was agreed [1]: 

Agreement:
· At least for the case where a DL burst follows a UL burst within a gNB-initiated COT and there is no gap larger than 25 us between any two transmissions in the COT, the rules defined below apply for the DL burst following a UL burst:

	Cat 1 Immediate transmission 
	Cat 2 LBT

	When the gap from the end of the scheduled UL transmission to the beginning of the DL burst is up to 16 sec
	When the gap from the end of the scheduled UL transmission to the beginning of the DL burst is larger than 16 sec but not more than 25 us 






Note: a DL burst is defined as a set of transmissions from a given gNB having no gaps or gaps of no more than 16 us. Transmissions from a gNB having a gap of more than 16 us are considered as separate DL bursts.
· FFS: The case where the gap between a DL and UL transmission may be larger than 25 us

We believe that extending the following agreement to cover the case when there are gaps between end of a DL burst and following UL transmission does not violate the regulations. 
There is less incentive to support UL to DL burst gap in a gNB initiated COT since the gNB is in control and can prepare/schedule the upcoming transmission in advance without the need for a gap to accommodate for processing delays. A small gap to accommodate for the turnaround time should be enough.
If the UL burst consists of multiple frequency multiplexed UEs, it is understandable to add a maximum limit on the duration of the UL burst if CAT1 is used. However, if only one UE is being scheduled within the UL burst, no limit is needed. 
[bookmark: _Toc535011043][bookmark: _Hlk534810989]The previous agreement is updated as follows: 
· At least for the case where a DL burst follows a UL burst within a gNB-initiated COT and there is no gap larger than 25 us between any two transmissions in the COT, the rules defined below apply for the DL burst following a UL burst:

	Cat 1 Immediate transmission 
	Cat 2 LBT

	When the gap from the end of the scheduled UL transmission to the beginning of the DL burst is up to 16 sec
	When the gap from the end of the scheduled UL transmission to the beginning of the DL burst is larger than 16 sec but not more than 25 us 






Note: a DL burst is defined as a set of transmissions from a given gNB having no gaps or gaps of no more than 16 us. Transmissions from a gNB having a gap of more than 16 us are considered as separate DL bursts.
· FFS: The case where the gap between a DL and UL transmission may be larger than 25 us
· Within a gNB-initiated COT, an UL burst for a UE consisting of one or more of PUSCH, PUCCH, PRACH, and SRS follows the rules defined below:
	Cat 1 Immediate transmission
	Cat 2 LBT
	Cat 4 LBT

	When the gap from the end of the DL transmission to the beginning of the UL burst is not more than 16 sec
Note: Maximum limits of the duration of the UL burst other than those already derived from MCOT duration limits should be further discussed when specifications are developed.
	For any of the following cases:
· When the gap between any two successive scheduled/granted transmissions in the COT is not greater than 25 sec
· For the case where a UL transmission in the gNB initiated COT is not followed by a DL transmission in the same COT
· Note: the duration from the start of the first transmission within the channel occupancy until the end of the last transmission in the same channel occupancy shall not exceed 20 ms.


	N/A


Note: An UL burst is defined as a set of transmissions from a given UE having no gaps or gaps of no more than 16 us. Transmissions from a UE having a gap of more than 16 us are considered as separate UL bursts.
· Note: the number of LBT attempts within a COT should be discussed further during the WI.

[bookmark: _Toc535011044][bookmark: _Toc535011045][bookmark: _Toc535011046][bookmark: _Toc535011047][bookmark: _Toc535011048][bookmark: _Toc535011049][bookmark: _Toc535011050][bookmark: _Toc535011051][bookmark: _Toc535011052][bookmark: _Toc535011053]Maximum limits of the duration of the UL burst other than those already derived from MCOT duration limits in case of multiple frequency multiplexed UEs within the burst can be considered. 
[bookmark: _Toc535011054]The gap between UL and the following DL in a gNB initiated COT shall not be larger than 25us. 
2.3	Channel access rules for RACH 
In NR support of 4-step contention-based RACH procedure similar to LTE was specified. For unlicensed operation, four-step contention-based random-access procedure for initial network access implies that up to four independent LBT procedures need to be performed, two by the UE and two by the eNB. This can significantly increase the delay in connecting to the network especially since RACH transmissions are limited to specific predefined time resources. Delays in connecting to the network have significant implications on user experience. Since the transmissions are also considered to be infrequent, we propose that a single idle sensing interval (25us) is used for the LBT procedure prior to transmission of the RACH. The implications of that on coexistence was already studied during the SI phase. According to the results provided in [2], we have shown that transmitting RACH using 25us LBT does not introduce any coexistence issues with Wi-Fi. NR-U still coexists in a friendly manner with Wi-Fi. Wi-Fi coexisting with NR-U still has a better performance as compared to the case where two Wi-Fi networks coexist with each other.
[bookmark: _Toc534819310][bookmark: _Toc535011055]A single idle sensing interval is used for the LBT procedure prior to transmission RACH
2.4	DL contention window adjustment for standalone
[bookmark: _Hlk513760338]LAA supports feedback transmission only on licensed carriers. Therefore, the CW adjustment procedure for standalone operation, or licensed assisted NR-U with feedback on unlicensed carriers is not clear. With the flexible PDSCH to ACK timing, the feedback might not necessarily come before the next channel access procedure initiated by the gNB. The same situation can occur if the UE couldn’t send the feedback due to failed LBT. The impact of those situations on the CW adjustment procedure should be specified.  In principle, the situation is very similar to the UL CW adjustment in case of autonomous UL in LAA. It should be straight forward to adopt the same rules of CW adjustment in case of feedback absence and delayed feedback. 
 
[bookmark: _Toc535011056]Similar rules for CW adjustment in case of absence of feedback and delayed feedback as for UL CW adjustment for autonomous UL in feLAA are adopted for DL CW adjustment in standalone deployment, or any deployment where the feedback comes on unlicensed spectrum.
2.5	Receiver assisted LBT
In this section, we discuss how the IEEE 802.11 RTS/CTS works and possible issues that are introduced by this procedure. 
The RTS/CTS frame exchange allows two nodes to announce and reserve channel usage for the two handshaking nodes. The RTS and CTS frames contain a Duration field that defines the period of time that the medium is to be reserved to transmit the actual data frame and the returning ACK frame. A STA receiving either the RTS (sent by the originating STA) or the CTS (sent by the destination STA) shall process the medium reservation. 
As illustrated in Figure 1, this mechanism allows, for example, node A to transmit to node B without potential interference from a hidden node C. However, as also shown in the figure, the RTS and CTS frames transmitted out of nodes A and B also prohibit many other harmless transmissions. That is,
· Without RTS/CTS handshaking, transmission from node A to node B and transmissions between node D and node C can commence simultaneously without mutual interference. Similarly, transmissions between nodes E and F can take place at the same time.
· With RTS/CTS handshaking, transmission from node D to node C is suppressed until the transmission from node B to node A is finished because node C is prohibited from sending CTS in response to node D. Similarly, transmissions between node F to node E are also prohibited.
· Note also that, in case node B fails to receive RTS from node A because, e.g., there is an on-going transmission from node C to node D, the initial RTS frame from node A will still prohibit the communications between nodes E and F until the end of the period announced in the RTS frame.
Note further that, to ensure the RTS/CTS frames can be heard by hidden nodes, the frames are encoded with robust MCS 1, As a result, RTS and CTS frames together creates a much larger prohibition zone than necessary.
The IEEE 802.11-2012 0 states that “because the additional RTS and CTS frames add overhead inefficiency, the mechanism is not always justified, especially for short data frames.” The default setting in the IEEE 802.11-2012 0 is to disable RTS/CTS handshake (by setting dot11RTSThreshold to be larger than the maximum allowed PSDU length).
Even an enhanced version of RTS/CTS where only the nodes hearing the CTS defer from transmitting will still prohibit many other harmless transmissions.


[bookmark: _Ref414270283]
Figure 1: Illustration of RTS/CTS handshake. Nodes in the shaded areas are prohibited from any transmission by the RTS and CTS frames, respectively.
[bookmark: _Toc534970130]Spatial reuse may be severely impacted by the introduction of RTS/CTS-like handshake

It is also not clear how RTS/CTS handshake would fit into the NR-U frame structure. Here we list some potential issues: 
· The RTS/CTS messages will only be understood by an NR-U system and by no other technologies; therefore, the benefits, if any, will be less in a coexistence scenario with a different technology. 
· Both gNB and UE should transmit the message using the same format and on the same physical resources. This will require introducing a common physical layer channel for both DL and UL, that is new or extending an existing one into the other transmission direction, e.g. PDCCH-like signal in the UL direction.  Otherwise, any node, gNB or UE, will have to blindly monitor for two different physical channels in every slot.
· Asynchronous detection will always be needed even in a synchronized deployment since the intra-cell UEs are not necessarily time aligned with non-serving gNBs. Similarly, intra- or inter- cell UEs are not time aligned. 

[bookmark: _Toc534970131]Supporting receiver assisted LBT requires significant changes to NR physical layer and channel design 

2.6	Channel access for 6GHz band
The detection threshold used by a node to defer to another node determines the reuse of radio resources used in the system which is a key determinant for system performance. It is obvious that the level of reuse that provides the best system performance will depend on many deployment related factors, such as the pathloss environment, deployment densities, antenna heights etc. NR-U as a technology needs to be able to operate in a diverse range of environments. In some cases (e.g., indoor), it may be beneficial to lower the threshold while in others it may not (e.g., outdoor). In a particular deployment, any technology may always adjust its ED threshold lower than the maximum value allowed by regulation by implementation (but never higher) if it chooses to do so, especially if it benefits that technology.
Ericsson’s evaluations have consistently shown that the use of a single threshold always is better than the use of two thresholds by a node operating in unlicensed spectrum [4]. This single threshold may or may not be associated with the use of a preamble as a technology specific choice. The situation in the 5 GHz band where a Wi-Fi node is allowed to use a higher ED threshold since it uses 802.11a preamble detection at lower PD threshold is not justified from a system performance perspective. It has always been a non-ideal compromise that has been part of the 5 GHz regime because of the existence of already deployed devices that already use this dual threshold protocol in 5GHz. 6 GHz is greenfield spectrum without prior use of license-exempt technologies. 
Therefore, a single common maximum energy detection threshold applicable to all technologies is the best option for 6 GHz. Whether nodes are further required to detect preambles at or below this threshold should be purely a technology choice with each technology having the flexibility to define preambles optimized for its use cases. Each technology can then adapt its detection thresholds freely as long as the single common energy detection threshold is not exceeded. This framework provides the best performance for all users of all technologies and maximum flexibility to optimize reuse in different deployments and environments. There is no technical reason for any technology to warrant preferential exception as is the case in the 5 GHz band. 
[bookmark: _Toc534970132]A single common maximum energy detection threshold across all technologies, with each technology having flexibility to implement technology-specific preambles and to adapt detection thresholds at or below the single common maximum threshold, provides the best performance for all users of unlicensed spectrum. 
Given that even with the 5 GHz framework, NR-U can coexist very well with Wi-Fi without the implementation of any Wi-Fi preambles, and even though the regulations for 6 GHz have not been decided yet, there is a clear opportunity for greenfield 6 GHz spectrum to adopt a framework where system performance can be further improved while providing ample deployment and technology specific flexibility without requiring a technology to implement signals and channels from another technology, there is no motivation to consider the adoption of an 802.11a/ax pramble for NR-U in 6 GHz. 
[bookmark: _Toc534970166][bookmark: _Toc534970167][bookmark: _Toc534970168][bookmark: _Toc534970169][bookmark: _Toc534970170][bookmark: _Toc535011057]Adoption of 802.11a/ax preamble for NR-U in 6GHz should not be considered. 
[bookmark: _GoBack]3	Conclusion
In the previous sections we made the following observations: 
Observation 1	Spatial reuse may be severely impacted by the introduction of RTS/CTS-like handshake
Observation 2	Supporting receiver assisted LBT requires significant changes to NR physical layer and channel design
Observation 3	A single common maximum energy detection threshold across all technologies, with each technology having flexibility to implement technology-specific preambles and to adapt detection thresholds at or below the single common maximum threshold, provides the best performance for all users of unlicensed spectrum.

Based on the discussion in the previous sections we propose the following:
Proposal 1	When downlink control channels/signals are initiating the COT and transmitted without any multiplexing with PDSCH scheduled by DCI formats with CRC scrambled by C-RNTI or CS-RNTI, the lowest priority class value is used for accessing the channel. E.g.
a.	PDCCH-only
b.	CSS PDCCH(s) and their corresponding PDSCH, e.g. RAR, paging, RRC signalling
c.	Reference signals
Proposal 2	CAT4 LBT with the lowest priority class value can be used for DRS transmissions if CAT2 LBT conditions are not fulfilled.
Proposal 3	The previous agreement is updated as follows:
	Maximum limits of the duration of the UL burst other than those already derived from MCOT duration limits in case of multiple frequency multiplexed UEs within the burst can be considered.
Proposal 4
Proposal 5	The gap between UL and the following DL in a gNB initiated COT shall not be larger than 25us.
Proposal 6	A single idle sensing interval is used for the LBT procedure prior to transmission RACH
Proposal 7	Similar rules for CW adjustment in case of absence of feedback and delayed feedback as for UL CW adjustment for autonomous UL in feLAA are adopted for DL CW adjustment in standalone deployment, or any deployment where the feedback comes on unlicensed spectrum.
Proposal 8	Adoption of 802.11a/ax preamble for NR-U in 6GHz should not be considered.
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