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1	Introduction
Compressed mode operation with DCH enhancements in basic configuration has been discussed in RAN1 #77 [1,2]. In [1], a compressed mode operation is proposed for the basic configuration based on legacy compressed mode where spreading factor is divided by 2 in downlink, and downlink DPCCH is transmitted to provide ILPC as long as UL DPCH is being sent.  In [2], it is proposed to restrict possible configurations of compressed mode and use the inherent transmission gaps in the basic configuration for compressed mode operation.  
In this contribution a design is proposed for compressed mode operation in basic configuration without reducing spreading factor in downlink.  In this proposal, conceptually, regardless of whether UL is in 10ms transmission mode or 20ms transmission, DL DPCH is sent for the entire 20ms, except for the slots in transmission gap (TG) that are DTXed. The frame structure of UL is as agreed before for the full configuration, where in 10ms transmission mode, UL DPCH skips the slots that are in TG and in 20ms transmission mode, UL DPCCH skips the slots that are in TG and UL DPDCH follows legacy R99 procedure to create CM transmission gaps. The rest of the contribution describes this procedure in more details. 
 
2	Compressed mode operation in basic configuration
Figures 1, 2 outline the proposed compressed mode operation in 20ms transmission mode and 10ms transmission mode respectively. In DL, compressed mode transmission gaps are created by DTXing DPCH in slots that are in the transmission gap without reducing the spreading factor. In TTIs that contain or overlap a CM transmission gap, the second radio frame is not DTXed except for slots that are in CM gaps. 
In Figure 1, DL and UL frame structures are shown for when UL is in 20ms transmission mode.  In this case, UL frame structure is as agreed earlier in [3] and [4], with UL DPCCH skipping the slots that are in CM transmission gaps, and UL DPDCH following Rel-99 procedure to create CM transmission gaps. Since UL is transmitted for the entire 20ms duration, DL DPCH is transmitted with ILPC supported by TPC bits received on UL.
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Figure 1: In 20ms transmission mode, DL DPCH slots that are in CM gap are DTXed, and spreading factor is not reduced.
In Figure 2, DL and UL frame structures are shown for when UL is the 10ms transmission mode. In this case, UL DPDCH and DPCCH skip the slots that are in TG and extend into the second 10ms radio frame by as many slots as the transmission gap length.  Since UL DPCCH is not sent for the later slots of the 20ms compression interval, DL DPCH is sent with ILPC frozen in these slots. For example in Figure 2, in the second 10ms radio frame, DL DPCH in slots 7-14 is sent without ILPC and at fixed power based on the last received TPC update on UL DPCCH in slot 6.
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Figure 2: In the 10ms transmission mode, DL DPCH uses the same frame structure as the one used in the 20ms transmission mode, and DL DPCH slots that are in a CM gap are DTXed. DL ILPC is frozen over slots that UL DPCH is not sent and TPC is not available, i.e., slots 7 to 14 in the example above.

3	Setting of DL SIR target in compressed-mode TTIs
In basic configuration, when a switch from 10ms transmission mode to 20ms transmission mode occurs, the UE’s SIR target is reduced by 3 dB to maintain link efficiency. Conversely, on a switch from 20ms to 10ms transmission, the SIR target is increased by 3dB [3].   
To maintain reliability of DPCH transmission during compressed mode, it is proposed to use the higher SIR target corresponding to 10ms transmission mode always for TTIs that contain a compressed mode transmission gap.  This ensures that although there is some puncturing of DPCH slots that are in transmission gap in compressed mode, DPCH is sent always at a power level equal-or-above the minimum required to ensure target BLER quality.  Notice that in one 20ms compression interval, no more than 15 slots of DPCH may be punctured due to compressed mode gaps, according to current spec limitations [6]. Thus, to ensure reliability of DPCH in TTIs with puncturing due to CM transmission gaps, no more than 3dB SIR set-point boost compared to the SIR set-point in 20ms transmission mode is required. Consequently, using the 10ms transmission mode SIR set-point is sufficient enough to ensure the reliability.


4	Avoiding excessive puncturing for codec rate configurations with higher spreading factors
In certain configurations of codec rates with high spreading factors, like AMR 5.9kbps with SF 256, excessive puncturing of DPCH can happen; see [5] for more details and effective code rate analysis. The proposal above accounts for such configurations, by allowing DL DPCH to be sent in the second 10ms radio frames even in the 10ms transmission mode.  However, excessive puncturing of DL DPCH may still occur if consecutive CM transmission gaps of large lengths occur in a single DCCH TTI of 40ms. See Figure 4 for example, with TGs of length 15 slots spanned over two consecutive radio frames and a TGD of 30 slots.  
Such corner case configurations of closely-spaced TGs can be avoided by ensuring that transmission gaps are spaced apart sufficiently by setting TGL1, TGL2, TGD, TGSN, TGCFN, TGPRC, and TGPL1 appropriately such that large CM transmission gaps do not occur in one 40ms DCCH TTI; see Figure 5 for reference and [6] for more details on CM configuration parameters.  For example, if the CM pattern 1 consists of only one gap (TGL2 = 0), then it suffices to have TGD> 60 to ensure that no more than 15 slots CM gaps occur in any 40ms TTI duration.
In field logs, it is observed that CM configuration commonly used do not result in excessive puncturing.  For example, a common configuration for GSM measurements is TGL1 = 7, TGL2 = 7, and TGD = 269 (see also Table 8.1 and 8.2 of [7]), which amounts to far less than 15 GM slots in one DCCH 40ms TTI. For LTE measurements, the requirement in [7] calls for TGL1≥ 10, and TGL2 = 0 (TGD undefined) and max TGPL1 of 12, which can meet the above criteria if TGPL1≥ 4 is used.    
Table 1 shows worst-case time for identification of one previously-not-identified GSM cell from 3GPP specification [7].  Here, pattern 7 results in highest rate of punctured slots and can result in 21 slots in transmission gaps in one 40ms TTI of DCCH.  See Figure 6. Network may avoid configuring Pattern 7.  For AMR 5.9kbps with SF 256 which is a worst case in terms of effective code rate (see [5]), the effective code rates with DCCH in CM mode with pattern 7 would be as shown in Table 2 and is about 0.9 in the worst case, which is  too high.  Network can avoid such scenarios by using fallback to Rel-99 compressed mode operation when there are more than 7 slots of TG in one 20ms TTI.

Table 1: The worst-case time for identification of one previously not identified GSM cell, Table 8.7 in [7].
	 
	TGL1
[slots]
	TGL2
[slots]
	TGD
[slots]
	TGPL1
[frames]
	Tidentify abort 
[s]
	Nidentify_abort
[patterns]

	Pattern 1
	7
	-
	undefined
	3
	1.56
	52

	Pattern 2
	7
	-
	undefined
	8
	5.28
	66

	Pattern 3
	7
	7
	47
	8
	2.88
	36

	Pattern 4
	7
	7
	38
	12
	2.88
	24

	Pattern 5
	14
	-
	undefined
	8
	1.84
	23

	Pattern 6
	14
	-
	undefined
	24
	5.28
	22

	Pattern 7
	14
	14
	45
	12
	1.44
	12

	Pattern 8
	10
	-
	undefined
	8
	2.88
	36

	Pattern 9
	10
	10
	75
	12
	2.88
	24


 
Table 2: Effective code rates for AMR 5.9kbps when DCCH is sent in CM with Pattern 7 of Table 1. 
	Mode
	DTCH:DCCH
	class-A
	class-B
	SID
	Null
	DCCH

	R99 (slot format 2)
	180,174: 230
	0.4786
	0.4846
	0.4636
	0.3243
	0.3905

	20ms Mode, no DCCH
	180,174: 0
	0.2393
	0.2423
	0.2308
	0.16
	N/A

	10ms Mode, no DCCH
	180,174: 0
	0.4786
	0.4846
	0.4616
	0.32
	N/A

	20ms Mode with DCCH
	180,174: 230
	0.4241
	0.4315
	0.4113
	0.2857
	0.3475

	
	
	
	
	
	
	

	CM transmission mode with DCCH
	180,174: 230
	0.8482
	0.863
	0.8226
	0.5714
	0.5346
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Figure 4: An example, where TGD = 30 and TGL1=TGL2=15 may result in puncturing 30 slots of DPCH, causing possible over puncturing of DL DCCH for example in AMR 5.9kbps with SF 256. This can be avoided by setting CM parameters (TGL1, TGSN, TGL2, TGD, and TGPL1) to ensure that excessive amount of CM gap does not occur in one 40ms TTI of DCCH.
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Figure 5: CM configuration parameters from [6]. 
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Figure 6: Worst-case scenario corresponding to Pattern 7 in Table 1. 

5	Conclusions
A compressed mode operation is proposed for the basic configuration of DCH enhancements.  The proposed scheme does not resort to spreading factor reduction to create CM transmission gaps in DL.  In this proposal, UL DPCH can still follow 10ms transmission mode and 20ms transmission modes, and DL DPCH always uses the frame structure of 20ms transmission mode in TTIs with CM gaps.  This issue was discussed during the email discussions of RAN1 #77 and the following proposals were agreed: 
· DL DPCH is sent for the entire 20ms duration in a 20ms compression interval (i.e., second radio frame is not DTXed), except for the DL DPCH slots in CM transmission gap that are DTXed.
· UL DPCH uses the same frame structure as agreed for the full configuration.
· When UL is in 10ms transmission mode, DL ILPC is frozen during DL DPCH slots for which TPC bits are not available due to absence of UL DPCCH.
· The SIR target corresponding to 10ms transmission mode is used for DL DPCH power control.
New Proposal

For problematic configurations of CM, we have the following proposal:
Proposal:  In compressed mode with basic configuration of DCH enhancements, the frame structure of DPCH in TTIs with a CM transmission gap (TG) is as follows:
· Use fallback to CM measurement operation with SF = 256 and more than 7 slots of transmission gap in one 20ms.

Finally, the following proposal:
Proposal: Discuss whether to use the new CM procedure in full configuration in addition to the one agreed earlier, or to replace the CM measurement in full configuration with the new CM without SF reduction.  Discuss whether new signalling is needed to configure the new CM procedures.
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