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1 Introduction

In RAN1 #82, the “DTX of TPC commands” algorithm was selected by the TSG RAN WG1 as the potentially new algorithm for processing DL TPC commands [1]. When the DTX of TPC commands algorithm was selected by the TSG RAN WG1, several considerations were made aiming at standardizing it properly [2-3], being one of the raised issues the importance of reducing the extra amount of time the UE lacks power control when the Algorithm 3 is used in compressed mode.

On this matter, it was proposed by the TSG RAN WG1 to investigate how often this additional lack of power control occurs in typical scenarios. Therefore this contribution aims at addressing that question by quantifying this compressed mode compatibility issue based on reference test cases as defined in the standard [4].
2 Algorithm 3 in Compressed Mode
In compressed mode, some of the frames contain transmission gaps (compressed frames) used for performing inter-frequency measurements, acquisition of control channel of other system/carrier, and actual handover operation.
When the “DTX of TPC commands” algorithm is in use, only one TPC command is transmitted in downlink per slot cycle (i.e., one out of three slots, or one out of five slots depending on the decimation factor), leading to situations in which the transmission gap length (TGL) in the compressed frame gets extended beyond the actual configuration (up to N-1 slots on each side of the gap). Figure 1 shows a situation in which the TGL gets extended by N-2 and N-1 slots (i.e., respectively) before and after the transmission gap in compressed mode.
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Figure 1: Algorithm 3 in compressed mode operation using a 5-slot cycle.

According to the configuration of the TGL used in the example above, the downlink power control is supposed to be interrupted by TGL = 7 slots, however when the compressed mode operation is combined with the side effects brought by the decimation factor used by the Algorithm 3 (5-slot cycle in this example), the uplink power control ended up being interrupted by 14 slots in a row (3slots+TGL+4slots). In order to alleviate this extra interruption in the power control operation, additional TPC commands on either or both slots Nfirst-1 and Nlast+1 of the compressed frame could be transmitted independently of the configured slot-cycle as shown in Figure 2.
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Figure 2: Algorithm 3 transmitting extra TPC commands for shortening the gap in compressed mode operation using a 5-slot cycle.

Shortening the transmission gap by transmitting up to two additional TPC commands per transmission gap will allow to have a better UE power control in compressed mode since the configured TGL can be kept unchanged with respect to the legacy compressed mode operation (In the example above TGL equal to 7 slots only), while the benefits brought by the “DTX of TPC commands” algorithm are preserved. 

3 Transmission Gap Pattern in Compressed Mode
In RAN1 #82, it was mentioned that it would be desirable to quantify how severe and often the transmission gap extension issue occurs. On this matter, knowing the exact final transmission gap length (i.e., extended TGL) derived from the decimation factor used by the Algorithm 3 depends on the slot cycle as well as the configuration of the position and length of the transmission gap set by the operators. However, quantifying the transmission gap length extension issue is not an easy task to be performed since there are thousands of combinations of compressed mode parameters that can be configured by the operators. So, in principle any combination can occur, including the one depicted in Figure 1 where the length of the transmission gap is doubled. However aiming at quantifying the amount of time the UE will lack power control due to the extended transmission gap issue, a set of RAN4 reference performance tests have been used in this investigation as typical compressed mode configurations.

3.1 Transmission Gap Pattern Parameterization and Configuration
In response to a request from higher layers, the UTRAN shall signal to the UE the compressed mode parameters. The following parameters and configurations characterize a transmission gap pattern in compressed mode [5-6]:
Table 1: Transmission Gap Pattern parameterization and configuration in Compressed Mode
	Transmission Gap Pattern Parameters
	Transmission Gap Pattern Configuration

	TGSN (Transmission Gap Starting Slot Number): A transmission gap pattern begins in a radio frame, henceforward called first radio frame of the transmission gap pattern, containing at least one transmission gap slot. TGSN is the slot number of the first transmission gap slot within the first radio frame of the transmission gap pattern.

	Integer (0 .. 14)

	TGL1 (Transmission Gap Length 1): This is the duration of the first transmission gap within the transmission gap pattern, expressed in number of slots.

	Integer (1 .. 14)

	TGL2 (Transmission Gap Length 2): This is the duration of the second transmission gap within the transmission gap pattern, expressed in number of slots. If this parameter is not explicitly set by higher layers, then TGL2 = TGL1.

	Integer (1 .. 14)

	TGD (Transmission Gap start Distance): This is the duration between the starting slots of two consecutive transmission gaps within a transmission gap pattern, expressed in number of slots. The resulting position of the second transmission gap within its radio frame(s) shall comply with the limitations of [7]. If this parameter is not set by higher layers, then there is only one transmission gap in the transmission gap pattern.

	Integer (15 .. 269, undefined)

	TGPL1 (Transmission Gap Pattern Length): This is the duration of transmission gap pattern 1, expressed in number of frames.

	Integer (1 .. 144)

	TGPRC (Transmission Gap Pattern Repetition Count): This is the number of transmission gap patterns within the transmission gap pattern sequence.

	Integer (1 .. 511, Infinity)

	TGCFN (Transmission Gap Connection Frame Number): This is the CFN of the first radio frame of the first pattern 1 within the transmission gap pattern sequence.

	Integer (0 .. 255)


3.2 Extended Transmission Gap Pattern quantification based on typical test cases
Compressed mode can be understood as the duration of a transmission gap pattern sequence (TGPS). The transmission gap pattern sequence (TGPS) consists of consecutive occurrences (determined by TGPRC) of transmission gap pattern 1, where transmission gap pattern 1 may consists of one or two transmission gaps. 
A set of compressed mode reference parameters have been described in TS 25.101 for testing purposes [4], which have been used in this paper for quantifying the impact of the Algorithm 3 on the final length of the transmission gap patterns.
Table 2: Transmission Gap Length quantification when the Algorithm 3 operates in Compressed Mode

	Output Nomenclature

	A1: DTXed Slots Before TGL1

A2: DTXed Slots Before TGL2

B1: TGL1

B2: TGL2

C1: DTXed Slots After the TGL1

C2: DTXed Slots After the TGL2

D1: Total length (in slots) of the first transmission gap A1+B1+C1
D2: Total length (in slots) of the second transmission gap A2+B2+C2

E1: Extended Gap length ratio1, Extended_TGL1/TGL1

E2: Extended Gap length ratio2, Extended_TGL2/TGL2
F: Number of Transmission gaps during the compressed mode operation.

N: Decimation Factor

	Output

Parameter
	Pattern 1
	Pattern 2
	Pattern 3

	
	Set1
	Set2
	Set1
	Set2
	Set4
	Set5
	Set1
	Set2
	Set3
	Set4

	
	N = 5
	N = 3
	N = 5
	N = 3
	N = 5
	N = 3
	N = 5
	N = 3
	N = 5
	N = 3
	N = 5
	N = 3
	N = 5
	N = 3
	N = 5
	N = 3
	N = 5
	N = 3
	N = 5
	N = 3

	A1
	0
	1
	3
	0
	3
	0
	3
	0
	2
	1
	4
	0
	2
	1
	2
	1
	2
	1
	2
	1

	B1
	7
	7
	7
	7
	7
	7
	7
	7
	14
	14
	10
	10
	14
	14
	14
	14
	14
	14
	14
	14

	C1
	2
	0
	4
	1
	4
	1
	4
	1
	3
	2
	0
	1
	3
	2
	3
	2
	3
	2
	3
	2

	D1
	9
	8
	14
	8
	14
	8
	14
	8
	19
	17
	14
	11
	19
	17
	19
	17
	19
	17
	19
	17

	E1
	1.2857
	1.1429
	2
	1.1429
	2
	1.1429
	2
	1.1429
	1.3571
	1.2143
	1.4
	1.1
	1.3571
	1.2143
	1.3571
	1.2143
	1.3571
	1.2143
	1.3571
	1.2143

	A2
	-
	-
	3
	0
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	B2
	-
	-
	7
	7
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	C2
	-
	-
	4
	1
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	D2
	-
	-
	14
	8
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	E2
	-
	-
	2
	1.1429
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	F 
	TGPRC = 1
	1 gap

(6 ms)

in
40ms
	1 gap

(5.3 ms)

in

40ms
	2 gap

2x (9.3ms)

in

40ms
	2 gap

2x (5.3 ms)

in

40ms
	1 gap

(9.3 ms)

in

30ms
	1 gap

(5.3 ms)

in

30ms
	1 gap

(9.3 ms)

in

120ms
	1 gap

(5.3 ms)

in

120ms
	1 gap

(12.66 ms)

in

40ms
	1 gap

(11.33 ms)

in

40ms
	1 gap

(9.3 ms)

in

80ms
	1 gap

(7.3 ms)

in

80ms
	1 gap

(12.66 ms)

in

80 ms
	1 gap

(11.33 ms)

in

80ms
	1 gap

(12.66 ms)

in

240ms
	1 gap

(11.33 ms)

in

240ms
	1 gap

(12.66 ms)

in

240ms
	1 gap

(11.33 ms)

in

240ms
	1 gap

(12.66 ms)

in

240ms
	1 gap

(11.33 ms)

in

240ms

	
	TGPRC =

511
	511 gap

(3s)

in

20.44s
	511 gap

(2.7s)

in

20.44s
	1022 gap

(4.75s)

in

20.44s
	1022 gap

2x (2.7s)

in

20.44s
	511 gap

(4.75s)

in

15.33s
	511 gap

(2.7s)

in

15.33s
	511 gap

(4.75s)

in

61.32s
	511 gap

(2.7s)

in

61.32s
	511 gap

(6.4s)

in

20.44s
	511 gap

(5.78s)

in

20.44s
	511 gap

(4.75s)

in

40.88s
	511 gap

(3.73s)

in

40.88s
	511 gap

(6.4s)

in

40.88s
	511 gap

(5.78s)

in

40.88s
	511 gap

(6.4s)

in

122.64s
	511 gap

(5.78s)

in

122.64s
	511 gap

(6.4s)

in

122.64s
	511 gap

(5.78s)

in

122.64s
	511 gap

(6.4s)

in

122.64s
	511 gap

(5.78s)

in

122.64s


Table 2 describes the number of DTXed slots before and after the transmission gap, as well as the final length of the transmission gap pattern upon the Algorithm 3 was combined with the compressed mode operation. The analysis performed considering both decimation factors (i.e., slot-cycles consisting of three and five slots) showed that in all cases the transmission gap pattern gets extended by at least 1 slot, on  average 3.6 slots, while in the worst cases the length of the transmission gap length gets doubled (e.g., from 7 slots up to 14 slots). Figure 3 quantifies the total amount of time the uplink power control gets interrupted during the entire compressed mode operation due to the transmission gap pattern in both cases, the legacy case and when the Algorithm 3 is in use.
	a)
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Figure 3: Total Transmission Gap Duration (i.e., TGL1 or TGL1+TGL2) in compressed mode operation a) TGPRC =1, b) TGPRC = 511.

In Figure 3, the total transmission gap duration is composed by either one gap of length TGL1, or by the sum of two gaps (TGL1+TGL2) when TGL2 is different than zero per transmission gap pattern sequence (i.e., compressed mode duration). The upper part of Figure 3 referrers to the case when the Transmission Gap Pattern Repetition Count (TGPRC) is equal to 1, while the bottom of Figure 3 covers the case when the TGPRC is to 511. When TGPRC is equal to 1, the minimum difference between the legacy transmission gap and extended transmission gap duration is 0.6667ms, while the maximum delta between them is 9.37ms. In the case of having a Transmission Gap Pattern Repetition Count equal to 511, the minimum difference between the legacy transmission gap and extended transmission gap duration is 350ms, while the maximum delta between them is 4.77 seconds.
Moreover, by considering a channel change as the point in time (i.e., coherence time) where a Bessel function used for characterizing the wireless channel shows a correlation degree minor than 50%, figure 4 provides an estimate of the number of missed channel changes per transmission gap in compressed mode (i.e., according to the reference pattern used for testing purposes defined in [4]) for both, the legacy case, and when the Algorithm 3 is used in compressed mode.
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Figure 4: Missing Channel Changes per Transmission Gap in compressed for different UE speeds (10Km/h, 30Km/h, and 100Km/h).

When the UE speed is below 10km/h, the transmission gap length in compressed mode doesn’t lead to suddenly miss a drastic change in the wireless channel, this is because the coherence time of the low speed channels encompasses several radio frames. Nonetheless, Figure 4 show us that for UE speeds higher than 10km/h, the extended transmission gap length derived from the combined operation of compressed mode and the Algorithm 3 leads to missing more channel changes than in the legacy compressed mode operation. For example, when the UE speed is 30km/h, the extended transmission gap length leads to missing up to one additional channel change per transmission gap in comparison to the legacy performance (if there is only one gap per every repetition of the TGPRC, and TGPRC is equal to 511 then the Algorithm 3 would lead to 1022 missed channel changes, while the number would be doubled if TGL2 is different than zero and every repetition of the TGPRC is composed by two gaps of the same length). Moreover, when the UE speed is 100km/h, up to nearly four additional channel changes might be missed per transmission gap.
4 Conclusions 

This contribution addresses the compatibility of the compressed mode operation with the Algorithm 3, which introduces a decimation procedure for transmitting and processing the downlink TPC commands that control the UE transmit power.

From the analysis performed, it was found that the decimation of the Algorithm 3 severely impacts the length of the transmission gaps used in compressed mode. Typical Compressed Mode configurations (derived from RAN4 reference test cases) were used to quantify the impact of the Algorithm 3 in compressed mode, from which the following findings were obtained:
· In all cases (taking into account both decimation factors, i.e., three and five) the transmission gap pattern gets extended by at least 1 slot, on average by 3.6 slots, while in the worst cases the length of the transmission gap length gets doubled (e.g., from 7 slots up to 14 slots).
· When the UE speed is higher than 10km/h, the Algorithm 3 in compressed mode leads to missing more channel changes than in the legacy compressed mode operation. For example, when the UE speed is 30km/h, the extended transmission gap length leads to missing up to one additional channel change per transmission in comparison to the legacy performance, while when the UE speed is 100km/h, up to nearly four additional channel changes might be missed per transmission gap. Highlighting that every repetition of the TGPRC may contain up to two transmission gaps, being the configurable values of TGPRC 1,..511, Infinity.
When the Algorithm 3 is in use, the transmission gap length might get extended up to a total of N-2slots+TGL+N-1slots (or N-1slots+TGL+N-2slots). So, given that the length of the transmission gap goes beyond the original TGL configuration and the total gap extension (N-1 + N-2) is larger than the expected amount of time (i.e., at most N-1 slots) the UE is supposed to lack power control with the Algorithm 3, it is recommended to shorten the gap to the legacy transmission gap length by either:

· Transmitting independently of the configured slot-cycle additional TPC commands on the slots Nfirst-1 and Nlast+1 of the compressed frame. 

· Performing a fall back to the legacy 1500 Hz power control algorithm for processing TPC commands during the time spend with compressed mode configured.
So, for the operation of the “DTX of TPC commands” algorithm in compressed mode it is proposed:
Proposal 1:  For the algorithm described as “DTX of TPC commands”, consider transmitting one TPC command just before and/or right after the Transmission Gap Length (TGL) or Performing a fall back to the legacy 1500 Hz power control algorithm for processing TPC commands during the time spend with compressed mode configured in order to reduce the amount of time in which the UE lacks power control in compressed mode.
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