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1. Introduction

During RAN2 #48 meeting, a way forward on RAN architecture discussions in RAN2 was decided as follows [1]:

Common:

No Downlink Macro Diversity
Architecture 1:

One repetition layer in Central Node

One HARQ layer in Node-B

Uplink Macro diversity
Architecture 2

One repetition layer in Node-B

One HARQ layer in Node-B

No UL Macro diversity
Architecture 2bis

One HARQ layer in Node-B only

No UL Macro diversity
To be compared for:

Performance (capacity/coverage) based on ran1 status


Low bit rate users


High bit rate users

Back-haul requirement

Latency

Time for execution of RRC procedures (handover, reconf, etc)

Processing/NW Resource Requirement

Standards complexity/testing

In this contribution, we focus on the UL macro diversity function, and compare systems with and without macro diversity in terms of the following aspects:

1. NW processing load

2. Standardization load

3. Testing load

4. Layer 1 signalling overhead

5. HARQ RTT

6. U-plane interruption at cell change

2. Comparison

2.1 NW processing load

With macro diversity, we see that the NW processing load increases in terms of:

(1) RRC application processing load due to increased active set management procedures, and

(2) Hardware processing load due to redundant reception of U-plane data by Node-Bs in the active set.

The increased active set management procedures involved with macro diversity is illustrated in Figure 1.
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Figure 1 - Increased active set management procedures involved with macro diversity

As in Figure 1, when an UE moves across cell boundaries, a system employing macro diversity might need to handle 4 different types of procedures (add cell, delete cell, replace cells and change of best cell), whereas a system not employing macro diversity needs to handle only the change of best cell procedure. Note that the actual number of messages will increase for a system employing macro diversity as the number of maximum allowed active set size increases.

The increased Node-B HW resources for U-plane data reception of macro diversity UEs are summarized in Table 1.

Table 1 - Increased Node-B hardware resources for U-plane data reception of macro diversity UEs

	Node-B hardware resource
	% increase for MD
	Notes

	De-spreading resources for Data CH (equivalent to E-DPDCH in EUL)
	50%
	About 1.5 branches per user                      

	Decoding resources for Data CH (equivalent to E-DPDCH in EUL)
	15%~50%
	50% if user throughput is common over cell  15% if user throughput is proportional to PL

	De-spreading resources for Control CH (equivalent to E-DPCCH in EUL)
	N*100%
	N = # of non-serving UEs supported per cell


De-spreading (de-scrambling) resources for the UL Data Channel increases by 50% considering UEs on average have 1.5 branches configured. (This figure is based on our Rel-99 experience).

Decoding resources for the UL Data Channel increases by about 15%~50% since multiple Node-Bs need to decode data to support UL macro diversity. The upper bound figure (i.e. 50%) results if user throughput is common over a cell, and the lower bound figure (i.e. 15%) results if user throughput is inversely proportional to path loss.

De-spreading (de-scrambling) resources for the UL Control Channel increases by N-fold, where N is the number of non-serving UEs supported per cell. The assumption here is that the non-serving cell doesn’t know the scheduling commands from the serving cell, i.e. when and at which chunk the UEs are allowed to transmit. Therefore, the non-serving cells need to de-spread the UE specific scrambling codes on all chunks at every TTI, regardless of their transmission status, for all non-serving UEs in order to detect their UL transmission.

It should be noted that UE hardware resources also increase in order to support macro diversity if the UE needs to support HARQ feedbacks and grants from multiple Node-Bs simultaneously. It is assumed that e.g. separate receivers per each cell in the active set are need, and hence increasing complexity rapidly

2.2 Standardisation load

To support macro diversity efficiently, necessary messages and UE behaviour must be specified in the standard, leading to increased standardisation work. For RRC, RNSAP and NBAP specs, this becomes more valid as the optimised signalling sequences for LTE deviates further away from the current sequences. Table 2 outlines the extra work required with macro diversity with different specs.

Table 2 - Increased standardisation work load in different specifications

	Specification
	Contents that need to be specified in support of UL macro diversity

	RRC
	Multiple RL management and re-pointing of best cell by Active Set Update and Reconfiguration messages

	MAC
	Selection combining and reordering                                        Handling of ACK/NACK                                                                  TFC selection reflecting grants from non-serving cells

	RNSAP
	RL addition

	NBAP
	RL addition                                                                                 Timing adjustment of the Node-B controlled

	Iub Frame Protocol
	Indication of time when transferred data block is received in UL


2.3 Testing load

In order ensure proper support of macro diversity, tests with macro diversity must be conducted, leading to increased testing load. In UE conformance specification [2], there are currently 10 sub-clauses pertaining to soft handover tests and 55 sub-clauses to hard handover tests. From these figures, it can be observed that test pertaining to handover can be reduced by xx% if macro diversity is not supported. Also, it should be noted that operators need to further ensure the conformance of handover operations in intra Node-B, inter Node-B, inter-RNC and inter-CN scenarios, so it is preferable to reduce the number of tests as much as possible.

2.4 Layer 1 signalling overhead

In order to obtain gains from UL macro diversity, the UL control channel reception quality at non-serving cells is quite important. In RAN1 simulations, error free reception of the UL control channel is assumed at both serving and non-serving cells. However, to realise an error free reception of the UL control channel at the non-serving cell, radio resource over the air must be exclusively reserved for each non-serving UE’s UL control channel, regardless of the transmission activity of these UEs. Such overhead results in UL capacity loss, and an estimate of this capacity loss provided in Table 3. UL macro diversity gain provided by RAN 1 should be considered together with such capacity loss analysis.

Table 3 – Estimate of UL capacity loss due to UL control channel overhead for macro diversity

	
	Value
	Description

	Total symbol space per TTI
	1920 symbols/TTI
	[3.84Msps] * [0.5ms TTI] assuming 5MHz BW

	UL control channel overhead per UE
	15 symbols/TTI
	Rel-6 E-DPCCH is 30bits/TTI after coding

	Spreading factor (SF)
	2
	

	Non-serving UEs per cell (N)
	10
	

	Total UL capacity loss
	16%
	SF*N*15/1920


2.5 HARQ RTT

In order to perform UL macro diversity in conjunction with HARQ, either

(1) Both serving and non-serving Node-Bs can provide HARQ-Ack feedback to the UE, or

(2) The selection combining node can provide a single HARQ-Ack feedback via the serving Node B

In approach (2), there will be significant delay in the HARQ feedback, and hence the HARQ RTT will increase.

If approach (1) is adopted, then HARQ-Ack can be fed back quickly, but the HARQ RTT can still increase by 1 TTI due to unsynchronized transmission timings between serving and non-serving Node-Bs. This is illustrated in Figure 2.
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Figure 2 – Possible increase in HARQ RTT due to UL macro diversity

2.6 U-plane interruption at cell change

As for the U-plane interruption time at cell change, a system supporting a central RAN anchor and UL macro diversity (Architecture 1) will have an advantage over a system supporting Node-B relocation without UL macro diversity (Architecture 2). However, even with Architecture 2, U-plane interruption at times of cell change is thought to be limited at a feasible level. Below, we describe our understandings of the U-plane interruption time for DL and UL separately. Also, an example handover sequence is illustrated in the Annex for information.

For DL, the interruption time is thought to be the same for both Architectures 1 and 2. For both architectures, it is assumed that DL transmission from the source Node-B stops just before the channel reconfiguration message reaches the UE. For architecture 1, DL transmission from the target Node-B can start after the channel reconfiguration complete message from the UE reaches the RNC, and the RNC starts forwarding data to the target Node-B. For architecture 2, DL transmission from the target Node-B can start after the channel reconfiguration complete message reaches the target Node B, assuming that data forwarded from the source Node-B has fully or partially reached the target Node-B. It is important to note for architecture 2, that the source Node-B can start forwarding data when it sends the channel reconfiguration message to the UE, and that the target Node-B can transmit to the UE while it receives data from the source Node-B. In summary, the DL U-plane interruption time at cell change should not be much different for Architectures 1 and 2.

For UL, Architecture 1 performs ideally, i.e. there is no U-plane interruption time required since macro diversity is employed and in-sequence delivery is guaranteed by RLC at RNC. For Architecture 2, it is assumed that UL transmission to the source Node-B stops when the channel reconfiguration message is received by the UE. However, it is thought that the UE can start transmission to the target Node-B without any interruption if the channel reconfiguration message includes a scheduling assignment. However, for Architecture 2, it might be needed to deliberately create an interruption time before transmission to the target Node-B if in-sequence delivery to the CN anchor needs to be ensured. Since the Node-B – CN interface delay from the source Node-B to the CN anchor can be larger than that from the target Node-B, if no interruption is created, data can reach the CN anchor in an out-of-sequence manner.. If such a behaviour significantly degrades the E2E QoS, an interruption time should be created to account for the Node-B – CN interface delay just mentioned. For the worst case delay, i.e. when traffic is high, we expect that the Node-B – CN interface delay would be about 10~20ms. Therefore, in the worst case, UL interruption time for Architecture 2 can result in a delay of about 10~20ms at cell change, but this delay is thought to be feasible from service viewpoints.

3. Conclusion

In this contribution, we focused on the UL macro diversity function, and compare systems with and without macro diversity in terms of the following aspects:

1. NW processing load

2. Standardization load

3. Testing load

4. Layer 1 signalling overhead

5. HARQ RTT

6. U-plane interruption at cell change

In terms of NW processing load, standardization load and testing load, we think the support of macro diversity becomes incurs too much effort. Furthermore, support of UL macro diversity will have negative impacts on Layer 1 signaling overhead and HARQ RTT. In addition UE support of multiple HARQ feedback signals would pose significant complexity increase in the terminals. Also in terms of U-plane interruption at cell change, where a system with macro diversity has an advantage than that without macro diversity, we think that the interruption time for a system without macro diversity can be limited to a feasible level. Therefore, we propose not to have UL macro diversity in E-UTRA unless there are significant gains shown in RAN1.
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Annex (Example cell change sequence)
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Figure A1 – Example cell change sequence

Note: In Figure A1, control messages are illustrated as thin arrows and actual data transmission as bold arrows.










































