


3GPP TSG RAN WG2 Meeting #114-e                              		R2-2106081
Electronic Meeting, May 19 – May 27 2021	 					

Source: 			Apple Inc
Title: 	RAN2 datapath impact from >52GHz 
[bookmark: Source]Agenda item:	8.18
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Background
According to the outcome of the study item on ssupporting NR above 52.6 GHz [1], in 3GPP RAN #91 plenary e-meeting in March 2021, an update WID RP-210862 [2] was approved to extend NR operation up to 71 GHz considering both licensed and unlicensed operation. 
The WID states that RAN2 implement the design aspects related to this operation. In this paper, we discuss the data-path impact from above 52.6 GHz operation and provide some proposals for discussion.
  
2. Faster data-rates with higher sub-carrier-spacing
It is agreed in RAN1 that 960 kHz sub-carrier spacing is allowed for operation when using above 52 GHz spectrum. While the bandwidth in terms of PRBs has not increased in these carriers (275PRB is still the max limit), the operation at higher sub-carrier spacing implies that the data-rate is still higher due to shorter slot times.
Observation 1: Support of 480/960 SCS for above 52.6GHz operation still increases the data-rate due to shorter time in slot, even when the bandwidth in PRBs is still the same (275 PRBs)with 275 PRBs in a carrier, increases the data-rate.
2.1 RTT and L2 buffer impact
The maximum L2 buffer size for effective transmission of RLC packets using AM is dependent on the RTT value. And as stated above, the RTT value is dependent on the transmission time interval, which is dependent on the sub-carrier spacing used. TS 38.306 defines the RTT of each SCS, and this needs to be adjusted for higher SCS that will be part of >52 GHz operation.
With the RTT updated, the L2 buffer calculation at the UE would reflect the increased data-rate and no change in L2 buffer calculation would be needed.
TS 38.306 Table 4.1.4-1: RLC RTT for NR cell group per SCS
	SCS (KHz)
	RLC RTT (ms)

	15KHz
	50

	30KHz
	40

	60KHz
	30

	120KHz
	20

	240KHz
	10

	480KHz
	5

	960KHz
	3


Table 1: Proposed RTT values for higher SCS
Proposal 1: RAN2 to discuss on adding RTTs values of 10,5,3ms for 240,480,960SCS respectively.
The current definition of RTT used when we have carrier operating with diff numerologies is stated below from TS38.306:
	The required total layer 2 buffer size is determined as the maximum total layer 2 buffer size of all the calculated ones for each band combination and the applicable Feature Set combination in the supported MR-DC or NR band combinations. The RLC RTT for NR cell group corresponds to the smallest SCS numerology supported in the band combination and the applicable Feature Set combination.




Operation with lower data-rate using legacy carriers and higher data-rates with >52GHz carriers, using the current L2 buffer definition can be very asymmetric with upto 64 times the rate difference between the legacy 15kHz and >52 GHz 960kHz and this can put unnecessary burden on the UE L2 buffer requirements by using the ‘smallest SCS numerology’ requirement. While we discuss more on the impact of asymmetric UL data Tx in the below sections, we would like to trigger a discussion on the L2 buffer definition.
Proposal 2: No change in L2 buffer size calculation is needed with the RTT adjusted for higher sub-carrier-spacing values.
Proposal 2: Current L2 buffer size definition is inefficient in capturing UE’s and needs to be adapted for operation with above 52GHz carriers. FFS on the details.
2.2 RLC feedback handling
The decrease in the RTT would also have to go hand-in-hand with the faster RLC control feedback messages, for eg., the ability of the receiver to provide the status feedback faster, the ability of the transmitter to trigger (re-trigger) for a poll faster etc., to keep the transmission window operation in RLC AM mode moving faster vis-à-vis the increased data-rate operation.
We can see that atleast some RLC timers need to be changed for eg., t-Reassembly, t-PollRetransmit etc t-StatusProhibit, need to operate in single-digit to sub-ms range. 
Observation 2: RLC control configuration related to status feedback needs to be adapted to operate with the reduced RTT in above 52GHz operation (for eg. timers like t-Reassembly, t-PollRetransmit need to operate in ms to sub-ms range) .  
The key item to note with changing the RLC control configuration for status feedback is that, per current design RLC entity feedback operation is agnostic to the physical layer carrier configuration.
Observation 3: RLC control configuration for status feedback that is part of RLC entity feedback operation, is agnostic to the physical layer carrier configuration, and configured per logical channel.
Observation 4: With CA operation where we have legacy carriers and above 52GHz carriers, the RLC operation with faster feedback on above 52GHz carriers, while keeping the legacy configuration with legacy carriers is not possible without some changes in dataplaneath protocols.
There are several options to address this including existing means and creating new design principles. The below table lists some options and their potential impact.
	Option
	Description
	Remarks

	Approach #1: PDCP with multiple logical channels
	Use synchronous NR-DC approach where above 52GHz carriers are grouped into a cell group that operates on different RLC entity
	· Can work with existing framework, if we restrict above 52Ghz operation to synchronous NR-DC alone.
· While it can be prevented, RAN4 might need to be aware of this and may need to define NR-DC requirements for all CA combinations.
· Existing functionality can be re-used

	Approach #2: Restrict RLC entity to a particular carrier
	Use logical channel restriction to allow the use of a particular logical channel by RLC entity to a particular carrier or a group of carriers that operate in above 52GHz frequency.
	· Can work with existing framework.
· But the restriction means that the UE and NW would be using higher frequencies alone for DRB while missing out on the legacy carriers which can not only reduce the throughput, but also the reliability associated with legacy carriers compared the wireless characteristics of the above 52GHz carriers.
· Existing functionality can be re-used


	Approach #3 New RLC functionality where RLC entity can be configured with carrier-specific feedback
	A single RLC entity can be configured with per-carrier control feedback operation.
	· New functionality, but the changes can be limited to RLC only for UEs/NWs using above 52GHz with specific SCS.



	Approach #4: PDCP with multiple RLC, without NR-DC
	similar to approach #1, the PDCP can operate with more than one logical channel without NR-DC
	· New functionality at PDCP (similar to PDCP duplication, but without duplication) that operates with more than one RLC entities without NR-DC.



	Approach #5: No change
	Re-use the current design as is
	· Atleast at the UE side, the UE may not be able to request for (re)polling faster, may not be able to transmit status PDUs faster, leading up to delayed feedback, which can increase L2 buffering requirements. 



Table 1: Approaches to handling faster RLC feedback for lower RTT from higher SCS operation.

We understand that a major change in RLC or other data-path protocol operation might not be amenable for Rel-17 operation and a re-design might be more practical for Rel-18 to counter the higher data-rates envisioned. But we also see that a change might be still needed in Rel-17 for above 52GHz operation. 
There we propose that RAN2 discuss the above options (or any other alternative that can be practical) to handle the higher data-rates from above 52 GHz operation.
Proposal 13: RAN2 to discuss which of the above approaches to be taken for handling higher data-rates from above 52GHz operation using higher sub-carrier-spacings.
3. Proposals 
To be added.
Proposal 1: RAN2 to discuss on adding RTTs values of 10,5,3ms for 240,480,960SCS respectively.
Proposal 2: Current L2 buffer size definition is inefficient in capturing UE’s and needs to be adapted for operation with above 52GHz carriers. FFS on the details.
Proposal 3: RAN2 to discuss which of the above approaches to be taken for handling higher data-rates from above 52GHz operation using higher sub-carrier-spacings.
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