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1
Introduction
In RAN1#58bis the issue of PHICH in LTE-Advanced was discussed.. As the topic of PHICH resources were not treated in RAN1#59, we here present a slightly updated version of R1-094646. In RAN1#58bis, the following couclusions on PHICH were reached:

· Re-use PHICH physical transmission aspects from Rel-8 (orthogonal code design, modulation, scrambling sequence, mapping to REs

· PHICH transmitted only on the DL CC that was used to transmit the UL grant

· PHICH resource mapping rules:

· For 1:1 or many:1 mapping between DL and UL without CIF:

· Reuse Rel-8 mapping

Some of the topics discussed were left FFS:

· PHICH resource mapping rules:

· Question whether to have a single PHICH resource or separate resources?

· i.e. is the PHICH resource size seen by a Rel-8 UE the same as the PHICH resource size seen by an LTE-A UE?

· For 1:many DL:UL mapping case, or case with CIF, how to take the carrier into account:

· Use existing CS mechanism?

· Carrier specific offset?

· Serial numbering of UL carriers?

This contribution tries to clarify some open questions regarding the PHICH resources in LTE-Advanced. In particular, this contribution clarifies how many PHICH resources are needed in a 1:many DL:UL system and do we need to define more PHICH groups than we have in Rel-8.
2 Discussion
In LTE higher layers provide the number of configured PHICH resources for a carrier and is proportional to the DL bandwidth and can be set to four different values (Ng = {1/6, 1/2, 1, 2}) [1] corresponding to the same number of PHICHs per PRB in FDD.  In TDD there can be twice as many PHICHs per PRB as in FDD. In this contribution we try to evaluate by simulations whether the number of PHICH resources in Rel-8 is sufficient also for LTE-Advanced with a 1:many DL:UL configuration.
In this, somewhat simplified simulation approach we assume the following for FDD:

· A set of PHICH resources is available for scheduling.

· Simple approach – maximum DMRS orthogonality is not even considered. But – two UEs with same PRB index (MU-MIMO) will not use the same DMRS index.

· A set of CCE resources is available for scheduling.

· Hashing functions are not considered.

· An uplink user will take some CCE resources (aggregation level chosen according to a SINR PDF/CDF).
· Each scheduled UE is assigned one UL PRB
· Depending on the UL PRB allocated for this user (randomly selected), a PHICH ‘channel’ is found.

· If the user cannot get CCE resources, we are blocked by lack of CCE resources and we will stop the searching process for this snapshot.

· If the user cannot get a PHICH ‘channel’, we are blocked by lack of PHICH resources and we will stop the searching process for this snapshot.

· Uplink SU-MIMO is assumed to use bundling (only one PHICH resource taken per UE).
· Results are made without SPS, which would take additional PHICH resources.

· PHICH scheduling does not consider the preferred DMRS pairing (which would also put restrictions to the case of MU-MIMO in UL). This would potentially not apply to the case of UL bandwidth >> DL bandwidth (5:1)
In Table 1 the simulation parameters are shown.
Table 1. Simulation parameters
	Parameter
	Value

	System bandwidth
	100/100 (DL:UL) PRBs

	CC DL:UL configuration
	1:many 

	Number of runs
	3000

	Number of UEs
	200


	PHICH mapping
	According to Rel-8 [3]

	Tx-Rx antenna configuration
	2x2

	Scenario
	Full buffer, Macro 1

	CCE aggregation thresholds (8,4,2,1)
	[-4.9, -2.3, 0.4, 4.3] dB

	# of OFDM symbols for the control channel
	2,3

	Uplink allocation size
	1 PRB


Essentially the simulation evaluates which one of the resources, CCE or PHICH, is first blocked. It is assumed that there are “many” uplink CCs meaning the UL PRBs will not be consumed before the CCEs. This is ensured by having a small allocation size of 1 PRB.
It is noted that these simplifications in many respects imply a worst case scenario. For example, in a real application with a high capacity uplink the UL PRBs could easily be consumed before the CCEs and thus decrease the amount of needed PHICHs. Only uplink allocations are studied. In a realistic use case there would be at least some amount of downlink allocations that would decrease the number of needed PHICH resources.
Results for the case of two and three OFDM symbols for downlink control are shown in figures. From the results we can make the following observations:

· The probability of experiencing blocking by lack of CCE resources is higher than blocking by lack of PHICH resources. This even applies to values of N_g=1. With N_g=2, there is a very high capacity of PHICHs.

· Reducing the number of symbols for control will not impact the PHICH “capacity”, but rather limit the number of UEs potentially being scheduled.
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Figure 1. Nctrl = 2
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Figure 2. Nctrl = 3
4
Suggestion for mapping in case of multiple uplink carriers

A mapping for the PHICH should be able to cope with three different scenarios:

· Bandwidth of CC carrying PDCCH is the same as the CC carrying the PUSCH.

· Bandwidth of CC carrying PDCCH is larger than the bandwith of the CC carrying the PUSCH.

· Bandwidth of CC carrying PDCCH is smaller than the bandwidth of the CC carrying the PUSCH.

The first case could allow for a simple one-to-one mapping onto the PHICH of the CC carrying the PDCCH. However, the two latter cases would call for a randomization functionality in terms of which PHICH index is being mapped from PRB index ‘0’ of a PUSCH on another CC. The third case would call for a modulo operation through the available bandwidth of the CC carrying the PDCCH to ensure that the given PHICH channels can be mapped.
Further, we do not see any need for making the mapping of the PHICH time-dependent.

Based on the above discussion, we propose a simple mapping from multiple uplink carriers to a single PHICH.
Linear mapping with shift:
By this approach, we suggest to let all the uplink carriers map to the same PHICH indices as for the host carrier through a remapping function, meaning that [3] would have to be modified from:

· 
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is the lowest PRB index in the first slot of the corresponding PUSCH transmission 
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is the lowest PRB index in the first slot of the corresponding PUSCH transmission on any scheduled component carrier.
Further, to allow for options 2 and 3 above, we propose to introduce the shiftig and modulo operations be implemented by updating the text in [3] from:
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where
· nCC is the index of the scheduled component carrier, while ‘k’ is a cell specific offset (or a constant value defined in specifications (to introduce randomization of offsets between compoenent carriers) 
· And the number of PHICH groups used are calculated based on the bandwidth available for the component carrier transmitting the PDCCH for the PUSCH.
5
Conclusions
We have simulated the case when one DL component carrier is associated with multiple UL component carriers and the PHICH resources are shared among the UL component carriers. In case that some UL component carrier transmissions use the same first PRB index the conflict can be solved by using different DMRS cyclic shifts. It is noted that even if the number of UL component carriers is much larger than DL component carriers the PHICH resources are sufficient. In all cases the scheduled users see CCE blocking before PHICH blocking and in a typical case approximately 40-60 users can be scheduled before seeing CCE blocking and some 90-130 users can be scheduled before PHICH blocking for Ng=2 (Nctrl = 3). Even for Ng=1 the number of scheduled users before PHICH blocking is always larger than the number scheduled users before CCE blocking. It should be noted that PHICH blocking does not mean that the PHICH resources are exhausted. It means that for the selected UL allocation there is no PHICH available so an iterative scheduler could reallocate the UL allocation and try to find an unused PHICH there.
The simulation does not take into account SPS, MU-MIMO with preferred DMRS pairing and SU-MIMO without bundling but noting the surplus of PHICHs and the worst case conditions used in the simulations we make the observation that the PHICH resources defined for Rel-8 are also sufficient for LTE-Advanced. It is also noted that increasing the number of PHICH resources would decrease the number of PDCCH resources correspondingly on that carrier. Consequently we draw the following conclusion:

· PHICH resources for LTE-Advanced need not be increased from that of Rel-8. This also means that the PHICH resource size seen by a Rel-8 UE is the same as the PHICH resource size seen by an LTE-A UE

As mentioned earlier this simulation is somewhat simplistic and some further studies might be needed. A more advanced simulation would assume an explicit number of UL CCs, use iterative scheduling, a realistic amount of downlink and uplink traffic, some balance between SPS and dynamically scheduled UEs, UE search spaces, DMRS preferred pairing and sparse PHICH allocation for UEs with low SINR condition.
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� The number of UEs has been set extremely high to ensure that blocking is happening due to either lack of PHICH or CCE resources.
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