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1 Introduction

According to the agreed time plan for the CA WI [1] the BS RF aspects should proceed as follows:
RAN4 Ad-hoc #4 (October, 2010)): 
· TPs for the key RF requirements
· Proposals for remaining RF requirements

Furthermore, at RAN4 #54 it was agreed that the findings related to BS RF will be captured within a new TR to be created for the CA WI. This report was revised to version 0.3 in Madrid RAN4 #56, ‎[2]. 

This document presents a text proposal for the CA TR 36.808 and 36.807 regarding time alignment requirements.
2 Discussion

The text proposal corresponds to the main parts of the TP ‎[3] which was presented at the Ad hoc meeting #10-03, Bratislava, Slovakia, 28 June - 2 July, 2010. 

The time alignment requirement definitions and structure for intra- and inter-band carrier aggregation with UTRA 4C-HSDPA [4]: 

“…For a specific set of signals/transmitter configuration/transmission type, time alignment error (TAE) is defined as the largest timing difference between any two signals 

· For MIMO or TX diversity transmissions, at each carrier frequency, TAE shall not exceed ¼ Tc.

· For transmission of multiple cells, with or without MIMO or TX diversity, in the same frequency band, TAE shall not exceed ½ Tc.

· For transmission of multiple cells, with or without MIMO or TX diversity, in different frequency bands, TAE shall not exceed 5 Tc….”
Furthermore the RRH case is added as per CA WI.

3 Conclusion

We propose to take the below TP as a baseline for updating TS 36.104.
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----- Start of TP REPORT PART -----

6.5.3 Time alignment between transmitter branches

The subsequent text makes use of the definition of a Time Alignment Error, TAE. TAE is defined as follows: For a specific set of signals/transmitter configuration/transmission type, time alignment error (TAE) is defined as the largest timing difference between any two carriers.  This aligns the definition with that used in UTRA.
The basic idea is to create a backwards compatible set of requirements which will also work as a future proof foundation for new intra-band and inter-band carrier aggregation and space diversity functionality in LTE release-10.
It should be noted that this requirement is a requirement at the at the BS antenna connector (test port A) or if any external apparatus such as a TX amplifier, a filter or the combination of such devices is used, at the far end antenna connector (port B).  

6.5.3.1 Maximum delay between the signals at the same carrier frequency 
The current release 9 TS 36.104 sub clause 6.5.3.1: “…requirement time alignment error in Tx Diversity or spatial multiplexing for any possible configuration of two transmit antennas shall not exceed 65 ns”,  has to be valid also in release 10 for an eNodeB since a release-8/9 UE has to function in a release-10 network. 

It is clear then that for antenna ports 0 to 3 release 10 inherits the same requirements as release 9, since a legacy requirements are to be maintained. One could envision different requirement for higher ports, but this will increase test complexity.
Please note that any feeder length or antenna difference will factor into these requirements already today, 
for release 9. In practice this means that the UE can not really assume anything when it comes to relative signal reception time if very different feeder lengths or large distributed antenna systems are used. 
This can be improved, by stating new requirements in release-10 UE. For downlink MIMO or TX transmissions involving multiple antenna ports, the UE RX shall be able to cope with an arrival timing difference as large as a cyclic prefix between the received signals corresponding to any two antenna ports at the same carrier frequency. 

6.5.3.2 Inter band carrier aggregation
For inter-band CA the orthogonality requirement does not really matter. The limiting case is not to add too much to the UE processing budget of 2.3 ms in case of a cell of max radius of 100 km. 

Discussions related to UTRA produced a 5 Tc = 1,3.μs requirement when comparing what could be achieved when expanding existing equipment. 

The CA WI states that RRH deployments shall be supported : “Rel-10 should support inter-band aggregation under deployments with RRH and repeaters, i.e., with different signal reception timings across CCs of different bands“.

This means that an RRH site is deployed within the macro coverage area, as in Figure 1 below, with the macro CC and the RRH CC configured to use inter-band carrier aggregation with the macro CC.  Figure 1 shows the case with a small RRH cell at the macro cell border. The Macro cell radius is 100 km. The UE is close the RRH cell. The RRH carrier has a propagation delay 0 < tRRH << 0,33 ms. The macro carrier has a propagation delay corresponding to a cell radius of 100 km.


[image: image1]
Figure 1: A small RRH cell at the macro cell border

The UE RX will have to cope with a relative propagation delay difference not greater than 0,33 ms between the macro and RRH carriers. 
   However, if the carriers are time aligned at the macro and RRH antenna ports, as per requirements, then the UE HARQ processing budget from release-8 can and shall be maintained.
6.5.3.3 Intra band carrier aggregation

Assume that all carriers originate from the same common origin. The limiting case for the HARQ timing condition is a 100 km cell. This could in principle allow a fairly large misalignment  as long as the overall 2,3 ms UE processing budget is maintained.

However, for intra-band CA orthogonality is lost as soon as two carriers are miss-aligned more than the CP (more precisely miss-alignment plus delay spread must fit into cyclic prefix). This requires alignment within fraction of cyclic prefix. In order to maximize the delay spread we can handle the timing alignment should be as tight as possible. The TCP=160*TS ≈ 5,2 μs (first OFDM symbol) and TCP=144*TS ≈ 4,7 μs (remaining OFDM symbols). If one set the limit to 1% of the normal CP then one gets 51 ns to 47 ns. 

The UTRA requirements are ¼ Tc to ½ Tc = 65 ns to 130 ns. This is 1.4% to 2.8% of normal CP. This is also acceptable.

PAPR problems when repeating the same Physical Cell ID across several intra band component carriers can be avoided by assigning each component carrier a unique Physical Cell ID. This is done during cell planning of the network.

The case of macro + RRH is not in the CA Work item plans for release 10. If implemented, then the UE will have to cope with very large DL signal strength differences in the same RX band and the RRH cell range will be limited to a fraction of the CP, 100 to 150 meters, to maintain orthogonality between macro and RRH carrier.

----- Next section SPECIFICATION PART 36.808 appendix B-----

6.5.3 Time alignment between transmitter branches

In Tx Diversity and spatial multiplexing, signals are transmitted from two or more antennas. These signals shall be aligned. The time alignment error in Tx Diversity and spatial multiplexing transmission is specified as the delay between the signals from two antennas at the antenna ports. 

For a specific set of signals/transmitter configuration/transmission type, time alignment error (TAE) is defined as the largest timing difference between any two carriers.

6.5.3.1
Minimum Requirement


For MIMO or TX diversity transmissions, at each carrier frequency, TAE shall not exceed 65 ns.
For transmission of multiple carriers, with or without MIMO or TX diversity, in the same frequency band, TAE shall not exceed 130 ns.
For transmission of multiple carriers, with or without MIMO or TX diversity, in different frequency bands, TAE shall not exceed  1.3 μs.
----- Next section SPECIFICATION PART 36.807 UE report-----
For downlink MIMO or TX transmissions involving multiple antenna ports, the UE RX shall be able to cope with an arrival timing difference as large as a cyclic prefix between the received signals corresponding to any two antenna ports at the same carrier frequency. 

For downlink transmission involving multiple carriers, the UE RX shall be able to cope with an arrival timing difference up to 0.33 ms between the received signals corresponding to any two carriers in different bands. 

For downlink transmission involving multiple carriers, the UE RX shall be able to cope with an arrival timing difference as large as a cyclic prefix between the received signals corresponding to any two carriers in the same band, when aggregated contiguously. 
The UE may assume that the 2.3 ms HARQ loop processing budget remains valid for all deployment cases of carrier aggregation and remote radio heads (RRH).
----- End of TP -----













































[image: image2.png]RRH

cc
Macto
cc
propagation delay
i
0 topw 0:33ms " "

(100 kmy



