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1 Introduction

During the selection process of the new algorithm for processing DL TPC commands [1], several technical considerations were made [2-3], being one of the raised questions the usability of the downlink DPCH since during the study item phase only the F-DPCH was within the scope of the Algorithm 3.

In response, members of the TSG RAN WG1 showed interest in making available the downlink DPCH for the Algorithm 3. However, since its nature and interaction with other features is different compared to the ones that were studied for the F-DPCH, the usability of the downlink DPCH was let for further investigations [4].
“Apply Algorithm 3 to DPCH is FFS.

Main discussions: compressed mode, slot format, power saving.”
This contribution is intended to provide an analysis that relies on RAN4 performance test cases in order asses the feasibility of using the downlink DPCH in compressed mode when the Algorithm 3 is configured. 

2 Downlink DPCH in Compressed Mode

In compressed mode, a different DPCH slot format is used compared to normal mode during the compressed frames. There are two possible compressed slot formats that are labelled A and B. Slot format B shall be used in frames compressed by spreading factor reduction and slot format A shall be used in frames compressed by higher layer scheduling.

The exact number of bits of the different downlink DPCH fields (Npilot, NTPC, NTFCI, Ndata1 and Ndata2) is given in Table 11 of the Technical Specification 25.211 [5]. What slot format to use is (re-)configured by higher layers.
When the downlink DPCH is configured, there are two different types of frame structures (Type A and B respectively) that are used during the downlink compressed frames [6]. The frame structure type A or B is set by higher layers independently from the downlink slot format type A or B.
· Frame structure Type A: “With the frame structure of type A, the pilot field of the last slot in the transmission gap is transmitted. Transmission is turned off during the rest of the transmission gap. In case the length of the pilot field is 2 bits and STTD is used on the radio link, the pilot bits in the last slot of the transmission gap shall be STTD encoded assuming DTX indicators as the two last bits in the Data2 field”.

· Frame structure Type B: “With frame structure of type B, the TPC field of the first slot in the transmission gap and the pilot field of the last slot in the transmission gap are transmitted. Transmission is turned off during the rest of the transmission gap. In case the length of the pilot field is 2 bits and STTD is used on the radio link, the pilot bits in the last slot of the transmission gap shall be STTD encoded assuming DTX indicators as the two last bits of the Data2 field. Similarly, the TPC bits in the first slot of the transmission gap shall be STTD encoded assuming DTX indicators as the two last bits in the Data1 field”.

The frame structure Type A maximizes the transmission gap length and channel estimation for the next non-DTXed slot, while the Type B optimizes the power control and channel estimation for the upcoming non-DTXed slot.
3 Algorithm 3 configured with DPCH in Compressed Mode
In RAN1 #82bis, typical compressed mode configurations derived from RAN4 reference test cases were used to quantify the impact of the Algorithm 3 in compressed mode assuming the F-DPCH was configured [7]. Based on the same principle, the RAN4 performance test cases were used to analyse the operation of the Algorithm 3 in compressed mode when the downlink DPCH is configured.
In TS 25.101 a set of compressed mode reference parameters are described for testing purposes [8], Figure 1 and Figure 2 show the existing RAN4 reference patterns when the Algorithm 3 operates in compressed mode assuming the downlink DPCH is configured with the frame structure Type B.
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Figure 1: Algorithm 3 in compressed mode operation according to reference pattern 1 using the downlink DPCH configured with the frame structure Type B.
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Figure 2: Algorithm 3 in compressed mode operation according to reference pattern 2 using the downlink DPCH configured with the frame structure Type B.
There are three compressed mode reference patterns, composed of two, four, and four setup test cases respectively. The test cases of the reference pattern 1 were depicted in Figure 1, while the test cases of the reference pattern 2 were illustrated in Figure 2 for both decimation factors of the Algorithm 3. The test cases of the reference pattern 3 were not illustrated in any figure because their setup is the same as the one shown in the set 4 of the reference pattern 2, being the only difference the length of the transmission gap pattern 1 (TGPL1).
The figures used for illustrating the operation of the Algorithm 3 in compressed mode highlight the slot positions where the TPC symbols are transmitted according to the configured decimation factor. On this matter, since the frame structure Type B was assumed to be configured for the downlink DPCH, the first slot within the compressed mode gap was also highlighted in order point out that there is an extra TPC symbol transmitted on top of the configured TPC command transmission pattern. Moreover, in the frame structure Type B, the pilot field of the last slot within the transmission gap is also transmitted, however such a field is not depicted in neither of the figures since the conducted analysis only refers to the power control operation. 
One of the advantages the Algorithm 3 has, is the ability of time-multiplexing other UEs on the decimated slot positions produced within the slot-cycles of the configured TPC command transmission patterns. For the F-DPCH this advantage of the Algorithm 3 allows supporting either thirty or fifty UEs per slot-cycle depending on the configured decimation factor. However, if the Algorithm 3 is configured with the downlink DPCH, the advantage of time-multiplexing other UEs on the decimated slot positions disappears, since the Algorithm 3 only decimates the TPC commands conveyed on the DL DPCH but not the other DL DPCH fields (Npilot, NTFCI, Ndata1 and Ndata2), which are transmitted in an uninterrupted way. The difference relies on the fact that in every single slot the F-DPCH only deals with TPC commands, while the downlink DPCH conveys five different fields (L1 signaling and data) per slot, which inherently occupy (or in other words do not leave room) for the potential mapping of other UEs.
Once that it has been clarified that the ability of time-multiplexing UEs on the decimated slots is lost if the Algorithm 3 is configured with the downlink DPCH, the analysis below corresponds to the impact on the compress gap when the downlink DPCH is configured. On this matter, in case the DL DPCH were configured with the frame structure Type A, a less efficient power control would be obtained derived from the extended transmission gaps shown in Table 1. 
Table 1: Transmission Gap Length quantification when the Algorithm 3 operates in Compressed Mode, and the DL DPCH is configured with the frame structure Type A.

	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

	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

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

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

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

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


When the frame structure Type A is configured, it can be concluded from the analysis performed in Table 1 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).

On the other hand, if the downlink DPCH is configured together with the Algorithm 3, then using the frame structure Type B will provide a better power control in compressed mode. Table 2 describes the number of DTXed slots before and after the compressed mode gap, as well as the final length of the transmission gap pattern when the downlink DPCH is configured with the frame structure Type B.

Table 2: Transmission Gap Length quantification when the Algorithm 3 operates in Compressed Mode, and the DL DPCH is configured with the frame structure Type B.

	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

	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

(-1)
	7

(-1)
	7

(-1)
	7

(-1)
	7

(-1)
	7

(-1)
	7

(-1)
	7

(-1)
	14

(-1)
	14

(-1)
	10

(-1)
	10

(-1)
	14

(-1)
	14

(-1)
	14

(-1)
	14

(-1)
	14

(-1)
	14

(-1)
	14

(-1)
	14

(-1)

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

	D1
	8
	6
	10
	7
	10
	7
	10
	7
	16
	15
	9
	10
	16
	15
	16
	15
	16
	15
	16
	15

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

	B2
	-
	-
	7

(-1)
	7

(-1)
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

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

	D2
	-
	-
	10
	7
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-


When the frame structure Type B is configured, from Table 2 it can be read that there are six cases in which the transmission gap extension issue completely disappears, two cases in which the gap gets shortened by one slot, being also found that on average the transmission gap length extension gets reduced to only 2.15 slots, and that in the worst case the transmission gap length gets extended by 3 slots with respect to the original configuration of the TGL. 
Proposal 1: Do not use the DL DPCH when the Algorithm 3 is configured.

Proposal 2:  If the DL DPCH is allowed to be used together with the Algorithm 3, then the frame structure Type B should be used in order to reduce the amount of time the UE lacks power control.

Proposal 3: Performing a fall back to the legacy 1500 Hz power control algorithm for processing TPC commands during the time spend with compressed mode configured.
4 Conclusions 

This contribution addresses the compatibility of the compressed mode operation with the Algorithm 3 when the DL DPCH is configured. 

From the analysis performed the following findings were obtained:
·  The code re-utilization advantage of the Algorithm 3 which consists in multiplexing other UEs on the decimated slot positions doesn’t hold anymore when the DL DPCH is configured due that it conveys other fields on the decimated slots.
· If the downlink DPCH were allowed to be configured together with the Algorithm 3 and the frame structure Type A were utilized, then a less efficient power control would be obtained derived from the extended transmission gaps.

· When the frame structure Type A is configured, it can be concluded 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).

· When the frame structure Type B is configured, it was observed that there are six cases within the evaluated reference test cases in which the transmission gap extension issue completely disappears, two cases in which the gap gets shortened by one slot, being also found that on average the transmission gap length extension gets reduced to only 2.15 slots, and that in the worst case the transmission gap length gets extended by 3 slots with respect to the original configuration of the TGL.

In general, if the downlink DPCH is configured together with the Algorithm 3 and the frame structure Type A is utilized, then the transmission gap length might get extended up to a total of N-2slots+TGL+N-1slots (or N-1slots+TGL+N-2slots). Since the total gap extension (N-1 + N-2) becomes 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, then is recommended either:

· Do not use the DL DPCH when the Algorithm 3 is configured (i.e., only use the F-DPCH when the Algorithm 3 is configured).

· If the DL DPCH is allowed to be used together with the Algorithm 3, then use the frame structure Type B in order to reduce the amount of time the UE lacks power control due to the decimation factor.
· 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, on the usage of the DL DPCH together with the Algorithm 3 it is proposed:
Proposal 1: Do not use the DL DPCH when the Algorithm 3 is configured.

Proposal 2:  If the DL DPCH is allowed to be used together with the Algorithm 3, then the frame structure Type B should be used in order to reduce the amount of time the UE lacks power control.

Proposal 3: Performing a fall back to the legacy 1500 Hz power control algorithm for processing TPC commands during the time spend with compressed mode configured. 
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