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1. Introduction

This contribution discusses different methods of assigning a physical HARQ indication channel (PHICH) to a UE in the case of MU-MIMO while accounting for non-adaptive HARQ and adaptive HARQ.

2. PHICH Assignment Cases
Different techniques are considered to minimize PHICH overhead for supporting UL MU-MIMO.  Some cases refer to restricting the #RBs in the band used for MU-MIMO or having a minimum of 2 RBs per MU-MIMO allocation for reducing PHICH resources.  In either of these cases and others given below (Case 1-3) more than one PHICH set (or bank) is needed with the number of banks reaching the maximum number of UEs to be MU-MIMO multiplexed (case 1) below.  Other techniques only need two PHICH banks (cases 2 and 3) while case 4 only needs a single bank. If more than one PHICH bank is needed then a semi-static allocation is needed so that all UEs in the cell know which control REs are reserved for the PHICH banks.  Hence, the solution with only a single PHICH bank is prefered since it can have the least overhead.

· 1) UEs in non-adaptive HARQ state use RB implicit pointing where the first RB of its allocation (as signaled via the UL SG) points to the PHICH of a PHICH set of resources (or bank).  To avoid ambiguity multiple PHICH banks are needed equal to the maximum number of UEs multiplexed onto an allocated MU-MIMO resource.
· Reserving resources for multiple PHICH banks is spectrally inefficient
· Especially given the size of each bank is ~ equal to the #RBs (NRBs) of the LTE carrier

· RE locations for the banks must be communicated to all UEs in the cell

· precludes dynamic allocation (on a per subframe basis) of PHICH banks

· Hence, semi-statically allocated banks needed which creates significant control overhead given the #of banks is based on worst case MU-MIMO multiplexing.
· An index field on the UL SG must be included to indicate which bank a MU-MIMO UE is to use
· 2) MU-MIMO UEs always required to be in the adaptive HARQ state
· Overhead excessive since all UEs multiplexed for MU-MIMO will require UL SGs for all transmissions

· One PHICH bank is needed for non-adaptive HARQ UEs and another one for adaptive UEs.
· Adaptive UEs use first CCE of UL SG PDCCH as implicit pointer to PHICH in Adaptive set
· Non-Adaptive UEs use first RB of UL allocation as implicit pointer to PHICH in Non-A set.
· 3) Dynamically switch a MU-MIMO UE (or any UE in non-adaptive HARQ state) into the adaptive HARQ state when its PHICH assignment would have been ambiguous otherwise. 
· Less UL SG overhead than 2) since UE can be in adaptive HARQ state less often
· Still may be problems always finding enough UL SGs and choosing them appropriately to avoid ambiguity so that the correct PHICH is read for each UE
· One PHICH bank is needed for non-adaptive HARQ UEs and another one for adaptive UEs.
· Requires modified signaling to allow dynamic switching between adaptive and non-adaptive states (BPSK signal + UL SG detection with NDI).  See ANNEX A.
· 4) Impose restriction on MU-MIMO resource allocation size (i.e. minimum #RBs allocated) such that the Minimum #RBs is ≥ #UEs multiplexed on the allocated MU-MIMO resource (see Figure 1).
· Only a single PHICH bank is required

· RB based implicit pointing is used for adaptive and non-adaptive HARQ
· No need to shift MU-MIMO UE to adaptive HARQ state (Case 1) ( UL SG overhead avoided
· No dynamic switching required of MU-MIMO UEs between adaptive and non-adaptive HARQ states

· Such switching is of course still permitted as needed ( e.g.  for UL FS scheduling
· An index bit field must be included in the UL SG to indicate which RB in MU-MIMO allocation a MU-MIMO UE is to use as its implicit pointer to its PHICH.

· Index bit field size = log2(Max #UEs multiplexed for MU-MIMO)

· Can reuse index indicating UL DRS format (cyclic shift) agreed to in RAN1#49bis.
· PHICH can be the first RB of UL allocation + DRS Index, DRS Index = 0  to #UEs multiplexed-1

· Restriction on the minimum MU-MIMO allocation (i.e. #RBs ≥ max #UEs mux’d) does not seem to preclude or degrade performance for any specific traffic type
· Persistent scheduling (ala VoIP) requires PVI feedback (e.g. piggy back on UL voice packet) and would require PVI piggy back on the DL voice packets but latency in such feedback could be 160ms unless DL control resources were made available (not currently defined).
· 5) combination of 3 and 4: For the case where the MU-MIMO resource allocation size restriction (Minimum #RBs is ≥ #UEs) in case 4 cannot be imposed such as the case for y (e.g. y=8) UEs multiplexed on x RBs (x<y, e.g. x=4) 
· An additional CCE-based PHICH bank (adaptive HARQ) is used with CCE-based implicit pointing 
· UEs receiving an explicit UL SG can use first CCE of UL SG PDCCH as implicit pointer to PHICH in PHICH adaptive HARQ bank. 
· e.g. Using UL SG for MU-MIMO UEs with DRS index >= x (can correspond to UE index x to y-1)
· e.g. UEs allocated resources (y-x) RBs below the MU-MIMO resource (of x RBs) are sent an UL SG (adaptive scheduling)
· Such UEs use the first control channel element (CCE) index of the UL SG as an implicit pointer to the adaptive HARQ PHICH bank (see Figure 2)
· Other UEs not receiving an UL SG use the RB-based PHICH bank (non-adaptive PHICH bank) as in case 4

· Size of CCE-based PHICH bank (adaptive) ~= # of possible (max) CCEs in the PDCCH, size of RB-based PHICH bank (non-adaptive) ~= # of RBs in the system BW
· Alternatively, UL SG for UE/DRS index (0 to x-1) are mandated to always use the RB-based implicit pointing as PHICH resources are available in the RB-based PHICH bank (non-adaptive) without ambiguity (collisions). Other UL SG with DRS Index >x use the CCE-based PHICH bank (adaptive)
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Figure 1 – MU-MIMO PHICH & DRS Format Assignment via per UE SDMA Index – 5MHz Ex.
3. Case 4: MU-MIMO and PHICH Assignment
To correctly assign a PHICH to a MU-MIMO UE to monitor for the synchronous non-adaptive HARQ case it is necessary to index into the PHICH bank (of size NRB = #RBs in carrier band) based on a UE’s resource block assignment (e.g. the first RB in the assignment points to the PHICH to monitor).  Assuming that a MU-MIMO resource assignment is always at least 2 RBs when 2 UEs are multiplexed or 3 or more RBs when 3 UEs are multiplexed and so on for up to 8 UEs then a SDMA Index 3-bit field can uniquely point to the PHICH for each UE with only a single PHICH bank since each RB corresponds to a different PHICH.  The same SDMA Index 3-bit field is used to also point to each UE’s UL DRS format (cyclic shift).
4. Conclusions

Different MU-MIMO PHICH assignment methods were discussed.  It is proposed that - 
· Minimum MU-MIMO resource allocation (#RBs) ≥  #UEs multiplexed

· Enables single PHICH bank for both MU-MIMO & non-MIMO and A & non-A HARQ

· Non-MIMO: First RB in allocation is implicit pointer to PHICH
· MU-MIMO: SDMA Index in UL SG points to RB in MU-MIMO allocation

· SDMA Indexed RB points to PHICH in PHICH bank

· Minimum MU-MIMO resource allocation (#RBs) ≥  #UEs multiplexed can be relaxed by using an additional PHICH bank for Adaptive HARQ (UL SG – CCE based PHICH pointing) in addition to the one for non-Adaptive HARQ (no UL SG – RB based PHICH pointing).

· More PHICH overhead than using minimum resource allocation constraint

· However, more flexibility in choosing resource size allocated to MU-MIMO UEs
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Figure 2 – CCE based implicit pointing to PHICH
ANNEX A

Signaling for dynamic switching between Adapative & Non-Adaptive HARQ states
Dynamic switching between UL synchronous adaptive and non-adaptive HARQ states reduces DL PDCCH overhead by reducing UL scheduling grants when there is no need to be in the adaptive HARQ state
· One reason for an adaptive HARQ state is to allow changes to resource allocation or MCS on retransmissions for uplink FS (SRS based) scheduling.
· Another reason to be in the adaptive HARQ state is to avoid PHICH assignment ambiguity that can result when a RB based implicit PHICH pointing approach is used with MU-MIMO UEs in the non-adaptive HARQ state

Technique 1: Adaptive= (+1,  UL SG Tx),  Non-Adaptive=(+/-1, No UL SG Tx)

Given BPSK modulation for PHICH then +1 is Adaptive HARQ if UL SG is transmitted else Non-Adaptive HARQ is assumed if no UL SG is detected.

· Collisions only occur with probability 10-5.  

· Incorrect soft buffer flush for NACK (non-A) detected as ACK (non-A): 10-3 x 2^(-CRC)

· UEs must use RB implicit pointer approach for finding PHICH given adaptive and non-adaptive HARQ UEs in the cell. 
Table 1 – DL ACK/NACK Mapping


[image: image3.emf]PHICH UL SG

ACK (A) +1 NDI=1 ACK - New packet transmission

ACK (non-A) +1 Not Tx ACK - no new transmission

NACK (A) +1 NDI=0 NACK - adaptive retransmission

NACK (non-A) -1 Not Tx NACK - non-adaptive retransmission
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Table 2 – Error Conditions for Table 1
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1: UL SG false det. '-1' Tx Det. Tx based on UL SG information

2: ACK (non-A) +1 Tx, Miss Det.DTX, ACK (non-A) assumed, flush deferred until SG rx

3: ACK (non-A) false det. '+1' Not Tx DTX, No A/N determination until next SG rx

4: NACK (non-A) false det. '-1' Tx, Miss Det.Collision with probability: 10-5 = 10-3x10-2

5: UL SG false det. '+1' Tx Det. Tx based on UL SG information
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Table 3 – Decision Table post Error Condition Case 3 in Table 2.  

NACK (non-A) mistaken as ACK (non-A)
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NACK (non-A) -1 No Tx Retransmit packet in Tx buffer

UL SG +1 Tx Det. New packet transmission (NDI=1) or retransmission (NDI=0)

ACK (non-A) +1 Tx, Miss Det.DTX, No action until UL SG detection or (-1, No Tx)

NACK (non-A) false det. '-1' Tx, Miss Det.Collision (retransmission) with probability: 10-5 = 10-3x10-2

UL SG false det. '+1' Tx Det. New packet transmission (whether NDI is 0 or 1)
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_1248517979.xls
Sheet1

		Tx based on		DL Signaling				comments

				PHICH		UL SG

		1: UL SG		false det. '-1'		Tx Det.		Tx based on UL SG information

		2: ACK (non-A)		+1		Tx, Miss Det.		DTX, ACK (non-A) assumed, flush deferred until SG rx

		3: ACK (non-A)		false det. '+1'		Not Tx		DTX, No A/N determination until next SG rx

		4: NACK (non-A)		false det. '-1'		Tx, Miss Det.		Collision with probability: 10-5 = 10-3x10-2

		5: UL SG		false det. '+1'		Tx Det.		Tx based on UL SG information
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		Tx based on		DL Signaling				comments

				PHICH		UL SG

		NACK (non-A)		-1		No Tx		Retransmit packet in Tx buffer

		UL SG		+1		Tx Det.		New packet transmission (NDI=1) or retransmission (NDI=0)

		ACK (non-A)		+1		Tx, Miss Det.		DTX, No action until UL SG detection or (-1, No Tx)

		NACK (non-A)		false det. '-1'		Tx, Miss Det.		Collision (retransmission) with probability: 10-5 = 10-3x10-2

		UL SG		false det. '+1'		Tx Det.		New packet transmission (whether NDI is 0 or 1)






_1248517970.xls
Sheet1

				DL Signaling				comments

				PHICH		UL SG

		ACK (A)		+1		NDI=1		ACK - New packet transmission

		ACK (non-A)		+1		Not Tx		ACK - no new transmission

		NACK (A)		+1		NDI=0		NACK - adaptive retransmission

		NACK (non-A)		-1		Not Tx		NACK - non-adaptive retransmission






