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1. Introduction

Requiring a UE waking up from a DRX state to read the SIB or MIB can cause excessive delays (80ms or more) before packet reception and transmission can be resumed.  The prime reason to need to read the SIB or MIB is due to control channel configuration change.  If the control channel need to read the SIB/MIB can be avoided then UE’s can quickly wake up from DRX and resume operation.

2. PHICH SIB/MIB Signaling
Currently, it is proposed that some PHICH information be signaled on the SIB/MIB to indicate:

· PHICH duration (1 or 3 ofdm symbols) indicated for when control region size n=3
· Number of PHICHs supported in control region

However, it should be possible to avoid signaling this information to help reduce DRX wake up time by:
· Assume PHICH duration is always 3 ofdm symbols when n=3
· Fixing number of PHICHs supported in control region based only on system bandwidth
Current working assumption is PCFICH is constrained to always indicate n=3 when SIB/MIB signals PHICH duration is 3 ofdm symbols.  This avoids tying PHICH error rate to PCFICH error rate.  However, this would still mean a UE needs to read SIB/MIB each time it wakes up from DRX, in case of PHICH duration change, which is unacceptable from a delay viewpoint.  This is especially true for VoIP calls since the VoIP delay bound can be as little as 40 to 50 ms.

Fixing the number of PHICHs to be approximately equal to the number of RBs spanning the system bandwidth (NRB) seems to use up 0 to 1 CCE compared to smaller PHICH allocations (e.g. #PHICH ~ 1/2 NRB).  The power of unused PHICHs can be used to boost CCE power or other control channel power levels thus avoiding any control channel and system performance degradation.

3. Multiple PDCCH Search Spaces
To avoid signaling which PDCCH search space a UE is assigned to monitor the UE can be implicitly assigned a search space using a hashing function based on its UEID or its assigned PUCCH channel ID.  For RACH, PAGING, and D-BCH (SIB) the UE can search over all search regions without exceeding the maximum number of blind detections needed to scan two PDCCH search spaces each with 8 CCEs.
4. Conclusions

Let PHICH allocation for any cell be dependent only on system bandwidth in the case of FDD and based on UL/DL frame configuration (also called duplex configuration - to be signalled on MIB) and bandwidth in the case of TDD.  Also fix PHICH duration to 3 symbols when control region size is n=3.  Avoid signaling any control region parameters on SIB/MIB to allow fast wake up from DRX state since UE then does not need to first read SIB/MIB before resuming its data service.
ANNEX A – PHICH Overhead for different allocation functions
Based on 3*ceil(NRB/8) and assuming from 4 to 8 PHICHs per 3 mini-CCEs then:

	System BW
	NRBs
	#Mini-CCEs
	#PHICHs

	1.4MHz
	6
	3
	4-8

	3MHz
	15
	6
	8-16

	5MHz
	25
	12
	16-32

	10MHz
	50
	21
	28-56

	20MHz
	100
	39
	52-104

	22MHz
	110
	42
	56-112


Based on this the maximum CCEs per the bandwidth mode (n=3, #TX Antenna=2) is:

BWmode={1.4,3,5,10,20,22}MHz ( MaxCCEs={5,12,20,31,50,55}( CCEsz={32,36,36,48,60,60}REs

For 5 MHz we have Table 1 below based on a PHICH allocation using 3xceiling(NRB/8).  Figures 1 and 2 show only 0 to 1 reduction in #CCEs when comparing 3xceiling(NRB/8) to 3x Max(1,floor(NRB/8)) PHICH allocation functions.
Table 1 – 5MHz Channel Configurations using PHICH allocation given by 3xceiling(NRB/8)
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#RS/mCE 2 #RS/mCE 2 2 #RS/mCE 2 2 0 #RS/mCE 2 0 #RS/mCE 2 0 0

mini-CCE #mini-CCEs mini-CCE mini-CCE mini-CCE mini-CCE

Type ofdm1 Type ofdm1 ofdm2 Type ofdm1 ofdm2 ofdm3 Type ofdm1 ofdm2 Type ofdm1 ofdm2 ofdm3

PHICH 12 PHICH 12 0 PHICH 4 4 4 PHICH 12 0 PHICH 4 4 4

PCFICH 4 PCFICH 4 0 PCFICH 4 0 0 PCFICH 4 0 PCFICH 4 0 0

Punctured 7 Punctured 2 1 Punctured 3 2 1 Punctured 1 0 Punctured 2 1 1

CCE CCE CCE CCE CCE

1 9 1 4 5 1 2 3 4 1 3 6 1 2 3 4

2 9 2 4 5 2 2 3 4 2 3 6 2 2 3 4

3 9 3 4 5 3 2 3 4 3 3 6 3 2 3 4

4 4 5 4 2 3 4 4 3 6 4 2 3 4

#REs total 300 5 4 5 5 2 3 4 5 3 6 5 2 3 4

6 3 6 6 2 3 4 6 3 6 6 2 3 4

7 3 6 7 2 3 4 7 3 6 7 2 3 4

8 3 6 8 2 3 4 8 3 6 8 2 3 4

9 3 6 9 2 3 4 9 3 6 9 2 3 4

#REs total 300 300 10 2 3 4 10 2 7 10 2 3 4

11 3 2 4 11 2 7 11 2 4 3

12 3 2 4 12 2 7 12 2 4 3

13 3 2 4 #REs total 300 300 13 2 4 3

14 3 2 4 14 2 4 3

15 3 2 4 15 2 4 3

16 2 2 5 16 2 4 3

17 2 2 5 17 2 4 3

18 2 4 3

#REs total 300 300 300 19 2 4 3

20 2 4 3

#REs total 300 300 300

#mini-CCEs #mini-CCEs #mini-CCEs #mini-CCEs
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Figure 1 - #PHICH resources = 3*MAX(1,floor(NRB/8))
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Figure 2 - #PHICH resources = 3*ceiling(NRB/8))























































































































































































































































































































































































