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1 Introduction

In TSG-RAN#46 a new work item, “Four Carriers HSDPA”, was approved [1]. In TSG-RAN#47 a number of implementation scenarios were also agreed [2].

In this document we discuss the impact on the BS transmitter time alignment error requirement, currently specified based on dual-carrier transmission, and present a proposal on how the requirement can be modified so it fits agreed scenarios for 4C-HSDPA.

2 Discussion
Currently, the minimum requirements for the BS transmitter time alignment are specified in TS 25.141, subclause 6.8.4.1, as follows:
a)  For transmission of multiple cells in different frequency bands the maximum delay between any of the signals shall not exceed 5 Tc.
b) For transmission of multiple cells within a frequency band the maximum delay between any of the signals shall not exceed ½ Tc.

c) For transmission of multiple cells at a single transmitter antenna connector the maximum delay between the signals shall not exceed ¼ Tc. 

d) For Tx diversity and MIMO transmission the maximum delay between any of the signals within a frequency band shall not exceed ½ Tc.

e) For Tx diversity and MIMO transmission the maximum delay between the signals at the same carrier frequency shall not exceed ¼ Tc
When introducing more carriers, the requirement e) shall remain unchanged, as it applies to each carrier, under the assumption that no more than 2 Tx diversity or MIMO signals exist. (If 3 or more diversity signals will ever be introduced we will probably need to relax this requirement to ½ Tc.) 

If we apply the same minimum requirements once additional carriers are introduced the following issues arise:

· Requirement a) 
Consider the case of DB-DC-HSDPA with Tx diversity (carriers F1a and F1b). Assume a time misalignment of exactly 5Tc between any of the white and gray signals on F1a and F1b (the white and grey colours represent the two diversity signals). Take the white signals on F1a and F1b as reference for each band, then adding carriers F2a and F2b will imply a maximum additional delay ¼ Tc + ¼ Tc = ½ Tc from each reference. This means that for the illustrated 4C-HSDPA  with Tx diversity the maximum delay between any of the carriers is 6Tc. In order to cope with the existing requirement of 5Tc the maximum delay between the reference carriers F1a and F1b must be 4Tc, which means a tighter requirement compared to existing DB-DC-HSDPA situation.
We foresee two alternatives:

1. To keep the existing requirement a), supporting the implementation cost of a smaller time misalignment between carriers in the two frequency bands.

2. To relax the existing requirement a) to account for larger maximum delay between any of the carriers (E.g. 6Tc instead of 5Tc), taking the risk that Rel.10 BSs may implement a larger time misalignment than supported by Rel.9 UEs.
Ericsson will support alternative 1.


[image: image1]
· Requirement b)
The current requirement applies for the case of DC-HSDPA (F1+F2), with MIMO or Tx diversity, but also to DC-HSDPA (without MIMO or Tx diversity) implemented on two antenna ports. If F1 is considered as reference, and assuming that F2 signals are delayed with max. ½ Tc and F3 signals are delayed with – ½ Tc, then maximum delay between F2 and F3 signals is Tc. This is twice as much as specified by the existing requirement. Similar rationale applies for the case when MIMO or Tx diversity is not used, but the maximum delay between F1 and F2, respective F3, is ½ Tc.
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We foresee following alternatives:
1. We keep the existing requirement, paying the implementation cost of smaller time misalignment accepted between the carriers (E.g. ¼ Tc instead of ½ Tc). 

2. We modify the existing requirement by specifying that the maximum delay of ½ Tc applies between any signals on any pair of adjacent carriers. 

3. We relax the existing requirement to account for a larger maximum delay between any of the signals (E.g. Tc instead of ½ Tc), taking the risk that Rel.10 BSs may implement a larger time misalignment than supported by Rel.9 UEs.

Ericsson will support alternative 2.

· Requirement c)

This requirement currently applies to DC-HSDPA transmissions using only one antenna port. Similar to the previous discussion for requirement b), when the third (adjacent) carrier is introduced, while we maintain ¼ Tc max. delay between reference carrier F1 and F2, respective F3, the maximum delay “between any of the carriers” become ½ Tc. The alternatives are similar:

1. We keep the existing requirement, paying the implementation cost of smaller time misalignment between the carriers. 

2. We modify the existing requirement by specifying that the maximum delay of ¼ Tc applies between any pair of adjacent carriers. 

3. We relax the existing requirement to account for a larger maximum delay (E.g. ½ Tc instead of ¼ Tc) between any of the signals, taking the risk that Rel.10 BSs may implement a larger time misalignment than supported by Rel.9 UEs.

Ericsson will support alternative 2.

· Requirement d)

This requirement currently applies to DC-HSDPA combined with MIMO or Tx diversity, on both carriers, similar to b). The only difference between b) and d) is that b) applies also to the situation when DC-HSDPA is implemented at 2 antenna ports (1 carrier per port) and b) also applies to the case when only one carrier implements MIMO or TX diversity. Similar to the discussion for requirement b) we have two alternatives:
1. We keep the existing requirement, paying the implementation cost of smaller time misalignment between any signal pair.

2. We modify the existing requirements by specifying that the maximum delay of ½ Tc applies between any signals on any pair of adjacent carriers. 

3. We relax the existing requirement to account for a larger maximum delay (E.g. ½ Tc instead of ¼ Tc) between any of the signals, taking the risk that Rel.10 BSs may implement a larger time misalignment than supported by Rel.9 UEs.

Ericsson will support alternative 2.
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