3GPP TSG-RAN WG1 Meeting #57bis
R1-092571
Los Angeles, CA, USA

29th June – 3rd July, 2009
Agenda item:

15.4
Source:
Nokia, Nokia Siemens Networks
Title:
PHICH in LTE-Advanced
Document for:

Discussion and Decision

1
Introduction
This contribution discusses the PHICH for FDD in LTE-Advanced. The starting point is that most of the PHICH features from LTE can be reused. These include at least the modulation, scrambling sequence and mapping to resource elements [1]

 REF _Ref232913491 \r \h 
[2]

 REF _Ref232913500 \r \h 
[3]. What needs some further discussion is the PHICH to PRB index mapping and how this shall be applied especially in cells with asymmetric UL/DL component carriers.

2
Basic assumptions

RAN1 has agreed that it will be possible to configure a UE to aggregate a different number of component carriers of possibly different bandwidths in the UL and the DL and that it shall be possible to configure all component carriers LTE Release 8 compatible [4]. As a starting point for the discussion we make some further assumptions for the cell and for the UEs:

· A UE camps on (reads the system information from) a DL component carrier and is informed about cell specific UL/DL configuration from the system information. Exact procedures for entering the system are FFS.
· A LTE UE has only one UL component carrier defined by the duplex distance. This is clear from the RAN4 decision on a fixed duplex spacing for Release 8.
· A LTE-Advanced UE can have multiple DL and UL component carriers and the pairing between the DL and UL component carriers is UE-specific and signalled by higher layers. Thus different LTE-Advanced UEs in a cell can have different UL/DL component carrier configurations. There can be both symmetric and asymmetric pairings between DL and UL component carriers meaning that a DL component carrier can be associated with several UL component carriers and vice versa.
· In LTE higher layers provide the number of configured PHICH resources for a carrier is proportional to the DL bandwidth and can be set to four different values (Ng = {1/6, 1/2, 1, 2}). The maximum number of PHICH resources is two PHICHs per PRB. The rules for mapping PHICHs to resource elements and the association between PHICH and uplink transmissions are defined as well. These rules must be applied for backward compatibility whenever there is at least one LTE UE in the DL carrier. In a possible all LTE-Advanced DL carrier, the number of configured PHICH groups could be redefined if needed – especially to take into account the situation of significantly more UL resources than DL resources. 
3
PHICH discussion
In order to adopt the LTE PHICH scheme to LTE-Advanced, we need to consider things like scheduling, asymmetry of carriers, relationship between PDCCH and PHICH and the association of the UL PRB index and the PHICH. We consider the carrier aggregations to be semi-static and obey the following rules.
· A UE is semi-statically configured to be scheduled on a set of DL component carriers and may be separately configured to be scheduled on a set of UL component carriers.
· If a DL component carrier is paired with multiple UL component carriers an UL index is needed in the UL grant. The UL index indicates which UL component carrier the grant is associated with. The UL index is needed only for the UEs having this asymmetry.
· The PHICH is always transmitted on the same DL component carrier as the corresponding UL grant. This rule is needed when there are multiple DL component carriers associated with one UL component carrier.

Depending on component carrier symmetry there are three cases that should be treated separately:
· Symmetric DL and UL utilization. In this case there are no differences from Rel-8 and the PHICH can be reused.
· More DL component carriers than UL component carriers: This implies that some DL component carriers share the same UL component carrier. Each DL component carrier has its own PHICH resources that are used according to its actual UL activity.

· More UL component carriers than DL component carriers: Some DL component carrier might be associated with multiple UL component carriers and the PHICH resources are then 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 DM RS cyclic shifts as well as the UL CC index. One problem is that if the number of UL component carriers is much larger than DL component carriers the PHICH resources might be scarce. This is unlikely but still possible and it is FFS whether this needs special attention. The advantage of not statically grouping the PHICH resources is that they can be dynamically divided by the UL component carriers according to the capacity.

In [5] a solution has been presented that divides the configured PHICH groups among LTE and LTE-Advanced UEs by using an offsets that splits the PHICH group into parts. This does not, however, increase the total number of PHICHs. In another solution the LTE-Advanced UEs have a separate PHICH space accommodated in some CCEs of the PDCCH. This increases and separates the PHICH spaces but requires additional standardization efforts. In our view one solution could also be to use an offset that is implied by the UL index to divide the PHICH group in a dynamic way.
RAN1 is discussing the HARQ-bundling in UL-MIMO. Bundling means that we need only one PHICH for a two code word MIMO and hence saves PHICH resources. Without bundling two PHICHs are needed, which can be provided by the use of the DM RS cyclic shifts. 
4
Conclusions
In this contribution the PHICH has been discussed from a separately encoded PDCCH perspective. Our initial conclusions are to reuse as much as possible of the LTE PHICH solutions and apply it unchanged in all carriers where there are at least one LTE UE. In possible LTE-Advanced only carriers some additional options for PHICH groups selections could be introduced in case there is a need to apply large UL dominated asymmetries. 
· The PHICH is always transmitted on the same DL component carrier as the corresponding UL grant. This rule is needed when there are multiple DL component carriers associated with one UL component carrier.
· Reuse the LTE PHICH scheme as much as possible especially in mixed LTE and LTE-Advanced carriers.
· When a DL component carrier is associated with multiple uplink component carriers the PHICH resources could be increased for LTE-Advanced only carriers if needed.
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