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1	Introduction
DCH enhancements allow for a basic configuration of DL DCH channel with two modes [1,2]: A 10ms Mode where the UL is sent over 10ms duration, and a 20ms Mode where the UL is sent over 20ms duration.  
As shown in Figure 1, the NodeB may gate the DL DPCH transmission in the second radio frame in a 20ms Compression Interval (20ms CI) in 10ms Mode. Since the DPDCH bits in the second 10ms radio frame are not available in 10ms Mode, the performance of SRBs may get negatively impacted when both DTCH and DCCH channels are transmitted, in some configurations especially with SF 256 with fewer data bits available in one TTI.  In worst case configurations of slot format, spreading factor, and codec bit rate, the high percentage of puncturing of DCCH bits results in a catastrophically-high code rate during frames where both DTCH and DCCH are present.  
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Figure 1: Description of 10ms Mode and 20ms Mode.  In 10ms Mode, the DPCH frame in the second radio frame of 20ms compression interval is not available and UL DPCCH is DTXed.

This contribution proposes a solution to improve the reliability of transmission of SRBs and DTCH during frames where both DTCH and DCCH transport channels are sent.  In this approach, it is proposed that in 10ms Mode, when DL DCCH is present, the NodeB continue to transmit the DPCH transport blocks in the second radio frame in a 20ms Compression Interval (CI) with ILPC frozen, ie, DPCH Ec/Ior is fixed at the level of DPCH Ec/Ior in the last slot for which a TPC bit is received on UL DPCCH. Transmitting the DPCH channel for the entire time allows the UE to decode DCCH and DTCH transport blocks with more reliability during frames when both DTCH and DCCH are present. 

2	Improving SRB transmission
Figure 1 shows a mechanism to effective code rate of DPCH when SRBs are transmitted reliability in 10ms Mode.  In this scheme, NodeB and UE operations do not change in 20ms Mode.  In 10ms Mode, the operation of NodeB and UE are as follows:
NodeB operation in 10ms Mode with SRB improvement:
1. NodeB continues to transmit DL DPCH in the second 10ms radio frame in a 20ms CI if DL DCCH is present.
2. Since UL DPCCH is gated in the second radio frame of the 20ms CI, DL DPCH when transmitted in the second 10ms radio frame of a 20ms CI, is transmitted without ILPC i.e, the power level of DPCH is kept at the power level of the DPCH in the last slot where TPC bit is received on UL DPCCH.
UE operation in 10ms Mode:
3. UE DRXes DL DPCH in the second radio frame of a 20ms CI if, and only if, UE determines DCCH is absent, e.g., BTFD with a TFCI hypothesis without DCCH results in CRC pass. 
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Figure 1: Improving SRB transmission in 10ms Mode.  If SRBs are transmitted, DPCH is not DTXed in the second radio frame of 20ms Compression Interval and is transmitted at fixed transmit power. 

A key aspect of the above scheme is that the reliability of DTCH packets when sent simultaneously with DCCH is also improved. This is important for some configurations of AMR codec rate and slot formats, eg., AMR 5.9kbps together with spreading factor 256, where the puncturing level of DTCH packet in 10ms Mode is already high even when DCCH is not sent.
3	Effective Code Rates Analysis
Tables 1 to 3 show the effective code rate of DPCH transport channels in 10ms Mode and 20ms Mode with and without DCCH presence for AMR 12.2kbps and AMR 5.9kbps family of voice codecs and with typical slot format configurations.  The effective code rate is defined as the ratio of the number of information bits at the input of convolution encoder (TBS + CRC length) to the number of transmitted bits at the output of rate matching.  The pilot-free equivalent of R99 slot format is used in 10ms Mode and 20ms Mode together with pseudo-flexible rate matching.
The effective code rates of AMR 12.2kbps with spreading factor 128 in 10ms Mode and 20ms Mode and with and without DCCH are listed in Table 1 for DTCH transport channels as well as DCCH.  This table shows that the worst effective code rate of 0.59 happens in 10ms Mode when both DTCH and DCCH are transmitted.  This 0.59 effective code rate is almost twice as the effective 0.3306 code rate of DCCH in R99, and in principle can be compensated by a POSRB power boost applied when DCCH is sent.  However using the above SRB improvement mechanism, the effective code rate of DCCH is 0.295 which is in line with R99. At the same time, the effective code rate of DTCH Class A, B,C are improved from worst case code rate of about 0.5 to an improved effective code rate of about 0.3.
 
Table 1: DL DCCH/DTCH effective code rates – AMR 12.2kbps SF 128
	Codec
	mode
	Rate Matching DTCH:DCCH
	class-A code rate
	class-B code rate
	class-C code rate
	SID code rate
	Null code rate
	DCCH code rate

	AMR12.2k, SF 128
	R99 (Slot format 8)
	180,175,234 : 180
	0.3207
	0.3301
	0.3529
	0.3018
	0.2105
	0.3306

	
	20ms Mode, no DCCH
	180,175,234 : 0
	0.2173
	0.2239
	0.2381
	0.2032
	0.1412
	N/A

	
	10ms Mode, no DCCH
	180,175,234 : 0
	0.4346
	0.4478
	0.4762
	0.4064
	0.2824
	N/A

	
	20ms Mode w/DCCH
	180,175,234 : 180
	0.287
	0.296
	0.3158
	0.2684
	0.1846
	0.295

	
	10ms Mode w/DCCH
	180,175,234 : 180
	0.574
	0.592
	0.6316
	0.5368
	0.3692
	0.59

	Worst case without improvement
	10ms Mode w DCCH
	180,175,234 : 180
	0.574
	0.592
	0.6316
	0.5368
	0.3692
	0.59

	Worst case with SRB improvement
	20ms Mode w/DCCH
	180,175,234 : 180
	0.287
	0.296
	0.3158
	0.2684
	0.1846
	0.295



For AMR 5.9kbps, the effective code rates with spreading factor 128 in 10ms Mode and 20ms Mode and with and without DCCH are listed in Table 2 for DTCH transport channels as well as DCCH.  This table shows that the worst effective code rate of 0.695 happens in 10ms Mode (10ms transmission) when both DTCH and DCCH are transmitted.  A high code rate increase happens to DTCH Class A and B transport channels, with an effective code rate of 0.8482 and 0.8630. The high effective code rate means the code is severely punctured, to the point that the code structure is catastrophically damaged. Clearly without SRB improvement this configuration of AMR 5.9kbps with SF 256 cannot be supported.  However, with the above scheme the effective code rate with simultaneous DTCH and DCCH are normal and even smaller than the corresponding effective code rates in R99 (smaller due to removal of pilots in slot format).  
Table 2: DL DCCH/DTCH effective code rates – AMR 5.9kbps SF 256
	Codec
	mode
	DTCH:DCCH
	class-A
	class-B
	SID
	Null
	DCCH

	AMR5.9k,  SF256

	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 w/DCCH
	180,174: 230
	0.4241
	0.4315
	0.4113
	0.2857
	0.3475

	
	10ms Mode w/DCCH
	180,174: 230
	0.8482
	0.863
	0.8226
	0.5714
	0.695

	Worst case without improvement
	10ms Mode w/DCCH
	180,174: 230
	0.8482
	0.863
	0.8226
	0.5714
	0.695

	Worst case with SRB improvement
	20ms Mode w/DCCH
	180,174: 230
	0.4241
	0.4315
	0.4113
	0.2857
	0.3475



For AMR 5.9kbps, the effective code rates with spreading factor 128 in 10ms Mode and 20ms Mode and with and without DCCH are listed in Table 2 for DTCH transport channels as well as DCCH.  This table shows that the effective code rate with SF 128 is not as high as that with SF 256, with worst case effective code of about 0.4 for Class A and B and 0.33 for DCCH transport channels.  Thus without SRB improvement scheme, AMR 5.9kbps can be supported with SF 128.  However, using a lower spreading factor is not desirable since it further limits the code space.

Table 3: DL DCCH/DTCH effective code rates – AMR 5.9kbps SF 128
	Codec
	mode
	DTCH:DCCH
	class-A
	class-B
	SID
	Null
	DCCH

	AMR5.9k,  SF128

	R99 (slot format 8)
	180,174: 230
	0.2233
	0.2283
	0.2161
	0.15
	0.1847

	
	20ms Mode, no DCCH
	180,174: 0
	0.1128
	0.1154
	0.109
	0.0755
	N/A

	
	10ms Mode, no DCCH
	180,174: 0
	0.2256
	0.2308
	0.218
	0.151
	N/A

	
	20ms Mode w/DCCH
	180,174: 230
	0.1994
	0.2045
	0.1925
	0.1333
	0.1653

	
	10ms Mode w/DCCH
	180,174: 230
	0.3988
	0.409
	0.385
	0.2666
	0.3306

	Worst case without SRB improvement
	10ms Mode w/DCCH
	180,174: 230
	0.3988
	0.409
	0.385
	0.2666
	0.3306




The effective code rates of AMR 12.65kbps with spreading factor 128 in 10ms Mode and 20ms Mode and with and without DCCH are listed in Table 4 for DTCH transport channels as well as DCCH.  This table shows that the worst effective code rate of about 0.6 happens in 10ms Mode when both DTCH and DCCH are transmitted.  The increase in effective code rate is similar to the one for AMR 12.2kbps, as the two bit rates are quite similar. In principle, AMR 12.65kbps can use adaptive bit rate using lower bit rates (eg., 6.6kbps or 8.85kbps) [3], however, this adaptive bit rate aspect does not change the conclusion since the 12.65kbps is the highest rate. 
Table 4: DL DCCH/DTCH effective code rates – AMR 12.65kbps SF 128




	Codec
	mode
	DTCH:DCCH
	class-A
	class-B
	SID
	Null
	DCCH

	AMR12.65k, R99
	R99 (slot format 8)
	180,174 : 180
	0.3231
	0.3508
	0.3077
	0.2143
	0.3361

	AMR12.65k, W+ basic config, pilot-free slot-format SF128
	20ms Mode, no DCCH
	180,174 : 0
	0.2211
	0.2382
	0.2097
	0.1446
	N/A

	
	10ms Mode, no DCCH
	180,174 : 0
	0.4422
	0.4764
	0.4194
	0.2892
	N/A

	
	20ms Mode w/DCCH
	180,174 : 180
	0.2897
	0.3131
	0.2737
	0.1875
	0.3015

	
	10ms Mode w/DCCH
	180,174 : 180
	0.5794
	0.6262
	0.5474
	0.375
	0.603

	Worst case without improvement
	10ms Mode w/DCCH
	180,174 : 180
	0.5794
	0.6262
	0.5474
	0.375
	0.603

	Worst case with SRB improvement
	20ms Mode w/DCCH
	180,174 : 180
	0.2897
	0.3131
	0.2737
	0.1875
	0.3015


4		Conclusions
An analysis of the effective code shows that the reliability of DCCH transmission is significantly improved by disallowing gating of DL DPCH in the second radio frame in a 20ms CI.  In this proposal, in the second radio frames of 20ms CI, DL DPDCH is effectively only DTXed when DCCH is absent, in which case the rate matching attribute of the DCCH transport channel is set to zero, allowing DTCH to have enough data bits to be transmitted reliably.  When DCCH is present, the DL DPCH uses the entire TTI duration with no gating, thus again the effective code rate of DTCH and DCCH transport channels is not increased.  
Analysis of effective code rate shows that the scheme ensures that the code rate of DTCH and DCCH transport channels is ensured be less than the corresponding effective code rates in R99 in both 10ms Mode and 20ms Mode for all transport format combinations with AMR 12.65kbps and AMR 12.2kbps with SF 128, and AMR 5.9kbps with SF 256. 
Without this improvement, it is expected that AMR 5.9kbps with SF 256 cannot be supported with the basic DL DCH configuration. 
Thus, the following proposals were discussed during RAN1 #77 email discussions and were agreed:
NodeB operation in 10ms Mode with SRB improvement:
1. NodeB continues to transmit DL DPCH in the second 10ms radio frame in a 20ms CI if DL DCCH is present.
2. Since UL DPCCH is gated in the second radio frame of the 20ms CI, DL DPCH when transmitted in the second 10ms radio frame of a 20ms CI, is transmitted without ILPC i.e, the power level of DPCH is kept at the power level of the DPCH in the last slot where TPC bit is received on UL DPCCH.
UE operation in 10ms Mode:
3. UE DRXes DL DPCH in the second radio frame of a 20ms CI if, and only if, UE determines DCCH is absent, e.g., BTFD with a TFCI hypothesis without DCCH results in CRC pass. 
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