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1 Introduction
In this tdoc time alignment requirement for LTE release 10 is analyzed and presented.
2 Discussion
2.1 Legacy requirements in release 9
2.1.1 Time alignment requirements

The current requirements are listed in sub clause 6.5.3 of TS 36.104.

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. 

6.5.3.1
Minimum Requirement

The time alignment error in Tx Diversity or spatial multiplexing for any possible configuration of two transmit antennas shall not exceed 65 ns.
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Figure 1: Time alignment requirement in TS 36.104 v9.3

2.1.2 HARQ-timing
With a timing advance of 0,67 ms, corresponding to the LTE requirement of 100 km there is approximately TUE= 2.3 ms left for the terminal processing which is considered as reasonable trade-off between the processing requirements imposed on a terminal and the associated delays. This time budget represents another border condition.
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Figure 2: Timing relation between downlink data in sub frame n and uplink HARQ acknowledgment in sub frame n+4
2.2 Requirements for release 10

From ‎[1] it is stated that:
The requirements Rel-10 signaling should support aggregation of up to 5 DL CCs and 5 UL CCs, irrespective of intra- or inter-band CA.

With regards to FDD DL:

• Rel-10 should support both intra- and inter-band aggregation.

• 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.

With regards to FDD UL:

• Work on intra-band aggregation should be prioritized in RAN4 till March 2011.

• Deployment scenarios with RRH and repeaters (and hence multiple TA 
   maintenance) should be supported when inter-band aggregation is supported, e.g., in    
   Rel-11.

With regards to TDD:

• Work on intra-band aggregation should be prioritized in RAN4 till March 2011, for 
   both DL and UL.

• Deployment scenarios with RRH and repeaters (and hence multiple TA 
   maintenance) should be supported when inter-band aggregation is supported, e.g., in 
   Rel-11.

This means that requirements will have to be developed for:

· MIMO layers 5-8 for the maximum delay between the signals at the same carrier frequency. Requirement X in Figure 3 below. This is also related to results from the release-10 WI 8Tx.
· Intra band component carriers in the same operating band, like CC1 and CC2 as well as CC3, CC4 and CC5. Requirement Y in Figure 3. 
· Inter band requirements between carriers in different operating band, requirement Z.
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Figure 3: Time alignment requirements for release 10 and 11
2.2.1 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.
One can envision a set of requirements for MIMO layer 5-8, that is Carrier Aggregation and 8Tx, 
but that is FFS.
2.2.2 Common origin case, intra band
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 delay spread we can handle 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.

2.2.3 Common origin case, inter band

For inter-band CA the orthogonality requirement does not really matter. The limiting cases are 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. A 1% limit compared to 2.3 ms results in a 23 μs requirement.

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

‎[1] 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 4 below with the macro CC and the RRH CC configured to use inter-band carrier aggregation.  This is 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 picture shows that 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.
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Figure 4: A small RRH cell at the macro cell border
The next configuration Figure 5 has the UE close the macro site, The picture shows that the macro carrier has a propagation delay 0 < tmacro << 0,33 ms. The RRH carrier has a propagation delay corresponding to a cell radius of 100 km.
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Figure 5: A large RRH cell at the macro cell border, UE close to the macro site

Finally Figure 6 and Figure 7 shows the co sited, common origin cases for large 100 km cells. The propagation delay are similar for both carriers and both are less than 0,33 ms.
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Figure 6: Co located cells, UE close to macro and RRH site
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Figure 7: Colocated cells, UE close to cell border 
2.2.4.1 Macro + RRH, inter band

Given the analysis in ‎2.2.2 Common origin case, intra band the carriers from the macro site will be time aligned. The same thing can be said to be true for the RRH site carriers. However 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.
2.2.4.2 Macro + RRH, intra-band
This 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.
3 Conclusion


It is possible to conclude as follows. In release 10 the requirements would cover a combination of Carrier Aggregation and TX diversity or MIMO over 4 antenna ports. 

The proposal does not change the available processing time in the UE between reception of a DL sub frame and transmission of the corresponding A/N.
The proposal is valid regardless whether the UL CC carrying the control information is configured on the macro eNodeB or on the RRH.
A text proposal: 

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. 


Minimum Requirement:

For transmission of multiple carriers in different frequency bands the maximum delay between any of the signals shall not exceed [1,3 μs].

For transmission of multiple carriers within a frequency band the maximum delay between any of the signals shall not exceed [130 ns].
For Tx diversity and MIMO transmission the maximum delay between the signals at the same carrier frequency shall not exceed 65 ns.
For transmission of multiple carriers the UE RX  has to cope with signals with a relative propagation delay difference of up to 0.33 ms.
4 References
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