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1. Introduction

Requiring UEs waking up from DRX to read system information (SU1, SU-x or MIB) can cause excessive delays (80ms or more) before packet reception and transmission can be resumed.  The prime reason to need to read system information at DRX wakeup is due to control channel (PHICH) configuration changes.  But in Shanghai RAN1#50bis it was decided that such changes (at least PICH duration) almost never occur or at least it is proposed the UE can be allowed to assume that is the case at DRX wakeup.
It is proposed that there be no requirement for UE’s to read control channel information on the SU1, SU-x or MIB at DRX wake up so UE’s can quickly resume operation.  Further 2 options are proposed for PHICH allocation and control channel configuration signaling.  The difference between the options is whether to allow different PHICH allocations for a given DL system bandwidth.  One motiviation to allow different PHICH allocations per system bandwidth is creating more CCEs when smaller PHICH allocations are possible and avoiding PHICH resource overallocation when UL and DL system bandwidths are different.  Another motivation is to account for the  #UL and #DL slots for the different TDD frame structures.
WG4 should make a decision on whether to support different UL and DL system bandwidth for FDD at its next meeting.  
2. PHICH SIB/MIB Signaling
Currently, it is proposed that some PHICH information be signaled on the SIB/MIB to indicate:

· PHICH duration (M=1 or 3 ofdm symbols) with the additional constraint 
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· PHICH allocation size (N) in terms of mini-CCEs is given by (e.g.) - 
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which is ~1 PHICH per RB for 
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.  The minimum PHICH allocation is 3 mini-CCEs per control region.  For TDD it needs to be determined whether a resource blocks span multiple slots or not before defining Nh.
Given this then two options are considered for PHICH signaling and allocation for FDD.

Option 1: System BW same for UL and DL (FDD)
· PHICH duration (M) is signaled via MIB.
· PHICH Allocation size (N) is tied to system bandwidth 
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· Puncturing of unused PHICH resources avoids system performance loss due to any reduction in CCEs (see ANNEX A for more details) given 
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· PHICH mini-CCE locations are assigned outside of the interleaver and are invariant to control region size n (PCFICH) and only dependent on M and 
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.  Hence, PHICH error rate is not dependent on PCFICH error rate.

· Mini-CCE locations for CCEs are determined by N and M when M=3 and n, N, and M, when M=1

In a second option it is possible to vary the PHICH allocation by signaling Nh via the MIB with 2 bits.
Option 2: System BW different for UL and DL (FDD)
· PHICH duration (M) is signaled via MIB using 1 bit

· PHICH Allocation parameter Nh is signaled via MIB using 2-bits

· Nh is a set of values corresponding to what fraction of maximum PHICH allocation is desired and is tied to the system bandwidth 
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and the carrier duplex type (TDD vs FDD).
· One possible Nh set  is
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.  For TDD this would correspond to each DL slot.  Another possibility is 
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such that it is always possible to select the minimum PHICH allocation (i.e. 3 mini-CCEs).

· PHICH mini-CCE locations are assigned outside of the CCE randomization interleaver and are invariant to n (PCFICH) the control region size. The PHICH mini-CCE locations are only dependent on M and Nh and hence PHICH error rate is not dependent on PCFICH error rate.

· Mini-CCE locations for CCEs are determined by N and M when M=3 and n, N, and M, when M=1

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

Two options are proposed for PHICH allocation.  

Option 1) System BW same for UL and DL

· Tie single PHICH allocation (~1 PHICH per RB) to System BW

· No need to signal PHICH allocation size.

Option 2) System BW different for UL and DL

· Tie set of PHICH allocation sizes to DL System BW

· Need to signal selected PHICH allocation size with 2-bits via MIB.

If WG4 decides always that UL System BW = DL System BW then no need for Option 2 for FDD.

For TDD frame structure 2 it is necessary to know whether or not if resource blocks will span all uplink slots for a given frame configuration (split) to determine if different PHICH allocations need to be supported per system BW mode.  If all uplink slots are spanned by each RB then Option 1 can be used where a full PHICH allocation is distributed (in a predefined manner) to configured downlink control regions. Otherwise Option 2 might be needed for TDD but with Nh defined differently than for FDD.
It is proposed to add text to 36.213 such as:
“UE shall not be required to read SU1, SU-x, or MIB when leaving DTX.”

PHICH size and symbol duration can still be changed but the UE does not need to know at DRX wakeup.
ANNEX A – Different PHICH Allocations per System BW

Table 1 below indicates how many mini-CCEs are allocated for different Nh.  PHICH allocation size (N) in terms of mini-CCEs is given by 
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which is ~1 PHICH per RB for 
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.  The minimum PHICH allocation is 3 mini-CCEs per control region.  

Table 1 – Number of mini-CCEs for PHICH for each Nh per BW mode for FDD
[image: image17.emf]CCE sz #PHICH #PHICH #PHICH

(MHz) (#RBs) (mCCEs) mCCEs Groups 8 per Grp
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1.4 6 8 3 1 8 3 3 3 3

3 15 8 6 2 16 6 3 3 3

5 25 9 9 3 24 9 3 3 3

10 50 12 18 6 48 18 9 6 3

15 75 15 27 9 72 27 12 9 3

20 100 15 36 12 96 36 18 12 6

22 110 15 39 13 104 39 18 12 6

#PHICH mCCEs System BW


ANNEX B – PHICH Overhead for different allocation functions

Table 2 below shows the number of CCEs available for a maximum and a minimum PHICH allocation per control channel configuration (n, #RS locations occupied) for the 5 MHz BW mode.  Also given is the number of puncturable mini-CCEs in the case of the maximum PHICH allocation but only the minimum number of PHICH are used.  
Results in Table 1 show minimal loss in #CCEs available (only 1) for some control channel configurations but with corresponding increase in puncturable mini-CCEs given sum of unallocable mini-CCEs plus the difference in maximum #PHICH mini-CCEs configured and the minimum #PHICH mini-CCEs required.  Figures 1 & 2 below give more details for max & min PHICH allocation.  Note CCE size is 36 REs.
Table 2 - #CCEs & Puncturable mCCEs per CCH config. for max & min PHICH allocation - 5MHz
[image: image18.emf]Occupied max - min #PHICH max #mCCEs

n RS Loc max #PHICH min #PHICH max #PHICH min #PHICH (#mCCEs) for puncturing *

1 1,2 4 4 1 7 6 7

2 1,2 12 13 4 1 6 10

2 1,2,3,4 9 10 6 3 6 12

3 1,2 20 21 7 4 6 13

3 1,2,3,4 18 18 0 6 6 6

* max #mCCEs that can be punctured if only the minimum #PHICH are used given max #PHICH configured

Unallocated mCCEs #CCEs Available


Table 3 - #CCEs & Puncturable mCCEs per CCH config. for max & min PHICH allocation - 10MHz

[image: image19.emf]Occupied max - min #PHICH max #mCCEs

n RS Loc max #PHICH min #PHICH max #PHICH min #PHICH (#mCCEs) for puncturing *

1 1,2 6 7 6 9 16 22

2 1,2 19 20 0 3 16 16

2 1,2,3,4 14 16 10 1 16 26

3 1,2 31 32 6 6 12 18

3 1,2,3,4 27 28 4 4 12 16

* max #mCCEs that can be punctured if only the minimum #PHICH are used given max #PHICH configured

#CCEs Available Unallocated mCCEs


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

[image: image20.emf]n=1 Ant1,2 RS n=2 Ant1-4 RS Pos. n=3 Ant 1-4 RS Pos. Used n=2 Ant1,2 RS Pos. n=3 Ant 1,2 RS Pos. Used

#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 9 PHICH 9 0 PHICH 3 3 3 PHICH 9 0 PHICH 3 3 3

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

Unalloc. 1 Unalloc. 5 1 Unalloc. 0 0 0 Unalloc. 3 1 Unalloc. 3 2 2

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 9 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 3 6 10 2 3 4

11 2 3 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 3 2 4 16 2 4 3

17 3 2 4 17 2 4 3

18 3 2 4 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


Figure 1 - mini-CCE allocation per CCH type & configuration for 5MHz & max #PHICH

[image: image21.emf]n=1 Ant1,2 RS n=2 Ant1-4 RS Pos. n=3 Ant 1-4 RS Pos. Used n=2 Ant1,2 RS Pos. n=3 Ant 1,2 RS Pos. Used

#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 3 PHICH 3 0 PHICH 1 1 1 PHICH 3 0 PHICH 1 1 1

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

Unalloc. 7 Unalloc. 3 0 Unalloc. 4 1 1 Unalloc. 1 0 Unalloc. 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 9 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 4 5 6 2 3 4 6 3 6 6 2 3 4

7 4 5 7 2 3 4 7 3 6 7 2 3 4

8 4 5 8 2 3 4 8 3 6 8 2 3 4

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

10 4 5 10 2 3 4 10 3 6 10 2 3 4

#REs total 300 300 11 2 3 4 11 3 6 11 2 4 3

12 2 3 4 12 3 6 12 2 4 3

13 3 2 4 13 6 3 13 2 4 3

14 3 2 4 #REs total 300 300 14 2 4 3

15 3 2 4 15 2 4 3

16 3 2 4 16 2 4 3

17 3 2 4 17 2 4 3

18 2 2 5 18 2 4 3

#REs total 300 300 300 19 2 4 3

20 2 4 3

21 3 3 3

#REs total 300 300 300

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


Figure 2 – mini-CCE allocation per CCH type & configuration for 5MHz & min #PHICH
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