3GPP TSG-RAN4  #86



















R4-1802447
Athens, GR, 26 Feb – 2 Mar, 2018
Source: 
Qualcomm Incorporated

Title: 
UE RX/TX Transition Times 
Agenda item:
7.4.2
Document for:
Approval
1. Introduction
Previous contributions [1][2], have attempted to define UE Rx to Tx and Tx to Rx Transition times. In [3], a comprehensive look at system level timing considerations reveals necessity to define ‘guard periods’ that cover switching overhead, as a function of UE capability and other system parameters. In this submission, we resume discussion on this topic and show that certain slot formats defined in TS38.211 will demand UE Rx to Tx and Tx to Rx transition times that range from impractical to unrealizable. We hence conclude that any slot structure assignment algorithm used by network needs to be informed by knowledge of UE capability limits.
2. Discussion

TS38.211 defines several slot formats with different combinations of (D)L, (U)L and Fle(X)ible symbols. Table 2.0.1 reproduces, in part, table of slot formats for easy reference.
From a UE’s perspective, note that an ‘X’ symbol always appears after a ‘D’ symbol (Rx mode) when the latter precedes a ‘U’ symbol (Tx mode). This ‘X’ symbol is intended to cover time consumed by physical phenomena, like propagation time, and UE’s transition from Rx mode to Tx. Also note that an ‘X’ symbol is not necessary when a ‘U’ symbol precedes a ‘D’ symbol (Rx mode). This arrangement can be viable owing to Timing advance assigned to a UE.
	Format
	Symbol number in a slot

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	0
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D

	1
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	2
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	3
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
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	30
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X
	X
	U

	31
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	U
	U

	32
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X
	U
	U

	33
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X
	X
	U
	U

	34
	D
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	35
	D
	D
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	36
	D
	D
	D
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	37
	D
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	38
	D
	D
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	39
	D
	D
	D
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
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	:
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	:
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	60
	D
	X
	X
	X
	X
	X
	U
	D
	X
	X
	X
	X
	X
	U

	61
	D
	D
	X
	X
	X
	X
	U
	D
	D
	X
	X
	X
	X
	U

	62 – 255 
	Reserved


Table 2.0.1: Slot Formats Defined in TS38.211 (partial table)
Symbol Timeline – Format 34
It is necessary to now illustrate the timeline in detail for both, BS and UE, in the BS’s time reference. Figure 2.1 shows format 34, with symbol number and type (D, X, U) for identification. Tprop is propagation time separating BS and UE. Format 34 has been chosen because it exemplifies a potential problem with timing. Format 34 has one ‘X’ symbol separating a D symbol and U symbols. 

[image: image1]
Figure 2.1: Format 34 Symbol Timeline

At the BS, UL symbols from all connected UEs are received in advance relative to symbol clock referenced to slot boundaries, by a quantity TAoffset. TAoffset is defined for all UEs in the cell. This quantity covers the BS’s Rx to Tx transition time and provides a time cushion for various BS to BS interference phenomena [3]. TS38.133 defines TAoffset as 13s in FR1 and 7s in FR2. 

At the UE, UL symbols are advanced, relative to slot boundary at UE, on account of two contributors: 
· the first is round trip propagation delay 2*Tprop, 
· the second is to account for TAoffset. 
i.e. UL symbols are advanced by the cumulative quantity 2*Tprop + TAoffset, relative to the UE slot boundary This ‘timing advance’ comes at the expense of compressing the available time frame to effect an Rx to Tx transition in the UE. If ‘k’ is the number of ‘X’ symbols dedicated to covering switching overhead, the time available for UE to execute an Rx to Tx transition is:

 
[image: image2.png]Taxrx 33 = K * Toyne — TAprfser — 2 * Tyron




For slot format 34, k = 1, so max. available time for UE to execute an Rx to Tx transition is shown in Observation 1.
Observation 1: The time available for the UE to execute an Rx to Tx transition, for slot format 34, TRXTX_34 is given by:

[image: image3.png]Taxrx 33 = Tsysr — TAopffset — 2 * Toron




Also note that the because UE symbols are advanced, idle time is created between the last U and the first D of the subsequent slot, even when the slot format does not explicitly assign an X between those symbols. This idle interval numerically equals 2*Tprop + TAoffset. It is the available time for a UE to effect a Tx to Rx transition. Since Tprop is a UE position-dependent parameter, the largest available Tx to Rx transition time is limited to TAoffset. Note that this observation is true for any slot format that causes a symbol sequence of the form ‘….UD…’.
Observation 2: The time available for the UE to execute a Tx to Rx transition, for slot format 34, for any SCS, TTXRX_34 is given by:

[image: image4.png]Trxax 38 = TAoffser




Problem Illustration
Table 2.2.1 enumerates allowable TRXTX and TTXRX for various numerologies, for FR2 (TAoffset = 7s), slot format 34, to illustrate the more general problem.
	SCS (kHz)
	TSYM (s)
	Allowable TRXTX_34 (s), UE is 100m away from BS

(Obs. 1)
	Allowable TRXTX_34 (s), UE is 50m away from BS 

(Obs. 1)
	Allowable TTXRX_34 (s)

(=TAoffset, Obs. 2)

	30
	35.67
	28.01
	28.34
	7

	60
	17.83
	10.17
	10.50
	7

	120
	8.92
	1.26
	1.59
	7


Table 2.2.1

For the most challenging case, 120kHz SCS, the allowable UE Rx to Tx transition times (sub 2 s) for slot format 34 are not practical. In fact, it becomes unrealizable for a 288m UE to BS distance. Also note the asymmetry in allowable transition times. It is conceivable for slot format 34 to be supportable in 120kHz SCS if there is an equal distribution of switching times, which would imply a reduction in the agreed-upon value of TAoffset.
Observation 3: Some combinations of slot format and numerology can demand unrealizable or impractical Rx to Tx transition time of the UE.

A similar argument can be made for TTXRX. Earlier, in Obs. 2, we argued that this parameter is limited to TAoffset. If UE implementation causes TTXRX > TAoffset the network would have to put away formats that cause a symbol sequence, including across slot boundaries, of the form ‘….UD…’, and only allow formats that allow ‘…UXD…’. Also notice that this constraint is SCS agnostic. The net result is one or more overhead symbols inserted per U to D transition, causing significant throughput degradation, regardless of SCS chosen.

Observation 4: If UE TTXRX > TAoffset the network will not be able to certain slot formats, for any SCS.

Observation 5: If UE TTXRX > TAoffset there will be significant throughput penalty for all SCS.

Now consider slot format 37, which allows 2 flexible symbols before first U (k=2). Allowable Rx to Tx transition time for format 37 is given by:

Observation 6:
[image: image5.png]Taxrx 37 = 2 * Tsyne — TAossser — 2 * Torop




Table 2.2.2 enumerates allowable TRXTX for various numerologies, for FR2 (TAoffset = 7s), this time for slot format 37. 

	SCS (kHz)
	TSYM (s)
	Allowable TRXTX_37(s), UE is 100m away from BS 

(Obs. 6)
	Allowable TRXTX_37(s), UE is 50m away from BS 

(Obs. 6)
	Allowable TTXRX_34 (s)

(=TAoffset, Obs. 2)

	30
	35.67
	63.67
	64.00
	7

	60
	17.83
	28.01
	28.34
	7

	120
	8.92
	10.17
	10.50
	7


Table 2.2.2

The allowable UE Rx to Tx transition times are realizable for slot format 37, even for 120kHZ SCS. The general conclusion is that the value of TAoffset in FR2 forces adoption of slot formats with 2 guard bits for 120kHz SCS, instead of just 1, which represents a significant 7% loss in throughput.
Proposed Solution

The network needs to be able to identify slot formats that cannot be supported by UEs due to transition timing constraints, see observation 3. This information can be determined easily at the BS if there were upperbounds on UE Rx to Tx transition time and Tx to Rx transition time. 

Proposal 1: RAN4 shall define a maximum UE Rx to Tx transition time.
Proposal 2: RAN4 shall define a maximum UE Tx to Rx transition time.

Previous submissions [1] [2] have proposed various values for maximum transition times. There is downward pressure on the values of these parameters - If they are not aggressively specified (smaller numbers) throughput could drop because of additional symbols needed to cover UE’s transition. On the other hand, these parameters cannot be reduced beyond a certain threshold, because they reflect UE capability and practical considerations thereof.
Our view on practical values for UE transition times are captured in table 2.3. Note that a minimum time of TAoffset is available for a UE to perform a Tx to Rx transition, as argued in section 2.1, in observation 2. Also, as explained towards in observation 5, if the UE is allowed to exceed TAoffset for this parameter, significant throughput overhead is introduced in the system for all SCS. We hence argue that TAoffset should be retained as the upperbound for Tx to Rx switching time (TTXRX). We believe this limit will also serve as upperbound for Rx to Tx switching time, due to sufficient similarities in the operations involved. 
	Proposal 3
	FR1
	FR2

	Max. RX-TX time
	[=TAoffset]
	[=TAoffset]

	Max. TX-RX time
	[=TAoffset]
	[=TAoffset]


Table 2.3
As noted before, TAoffset has been defined as 13s in FR1 and 7s in FR2.
3. Conclusion
We have identified the need to establish an upperbound on UE transition times. We have proposed values for these parameters. Our proposals are reproduced here for convenience.
Proposal 1: RAN4 shall define a maximum UE Rx to Tx transition time.

Proposal 2: RAN4 shall define a maximum UE Tx to Rx transition time.

	Proposal 3
	FR1
	FR2

	Max. RX-TX time
	[=TAoffset]
	[=TAoffset]

	Max. TX-RX time
	[=TAoffset]
	[=TAoffset]


Where, TAoffset has been defined elsewhere as 13s in FR1 and 7s in FR2.
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