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1.  Introduction
As discussed in [2], redirection upon RRC establishment should be supported for load balancing among the available frequency layers. In LTE, load balancing is essential as the user throughput is in principle inverse proportional to the traffic load. Moreover, the C-plane latency may be more or less larger in a crowded cell, due to longer queuing delays. Hence, the traffic loading directly impacts on the user perception. Redirection upon RRC establishment would be viable to control the loading among the frequency layers, and is essential to support dominant/subordinate configuration [1]. For instance, if the cell the UE accesses is congested, the eNB can redirect the UE to another frequency layer. Under the dominant/subordinate configuration, the eNB can redirect the UE to a subordinate cell, upon having a connection request from the UE in a dominant cell. Requirements for such redirection would be 1) the redirection procedure should be fast to reduce connection setup delay, and 2) connection setup (reverting) should be fast even if the redirection fails. This document studies the following aspects of redirection:

· Where to redirect; to a frequency layer (and leave cell selection up to the UE) or to a specific cell, and whether any limitation should be applied to the destination, e.g., within the same sector, band, eNB, or TA.
· Redirection timing (paging message or RRC connection setup).
· Use of UE measurements.
· Reverting mechanism.
2. Discussion
2.1 Where to redirect

Possibilities are that the UE is redirected to a frequency layer or to a specific cell. If the UE is redirected to a frequency layer, the UE will have to perform cell selection, hence causing longer delays.
Alternative 1:  To a frequency layer

Although the best cell in terms of radio can be selected, the transition would be slower due to cell search/selection. If the UE selects a cell of a different eNB or even a different TA, the procedure may become complex. For example, the UE would have to indicate the source cell ID and the original C-RNTI to the target eNB, in order for the target eNB to figure out where it came from. Moreover, it may be difficult for the target eNB to address the appropriate MME if the TA is different, and it may be difficult for the MME to identify the UE and collate with the context before redirection. To avoid such complexities, the cell selection should be limited at least to a cell of the same TA. Limiting cell selection within the same eNB would be beneficial to reduce measurement delay and avoid complexity.
Alternative 2:  To a specific cell

The transition would be faster as UE cell selection can be omitted. Moreover, the necessary configurations to access the redirected cell can be signalled in advance, by having a preparation phase. However, the redirection may fail if the UE is redirected to a cell having a much lower C/I, which is caused by e.g., path loss difference, layer discontinuity, radio boosters (repeaters) on certain layers, or traffic loading. The redirection should be limited to the same eNB or sector, so that the procedure can be synchronous. Furthermore, limiting to the same sector/band would be beneficial as UE measurements can be omitted (i.e., no significant C/I difference).
Conclusion:  Since the connection setup delay should be minimised, even when redirected, alternative 2 is preferable.

2.2  Redirection timing

The redirection can be commanded at various stages of the connection setup procedure. Two alternatives can be considered:

Alternative 1:  Paging message

At the earliest possible timing, the redirection can be commanded within the paging message, noting this is only applicable to terminating calls. The UE capability (e.g., supported bands, bandwidth capability, ...) cannot be considered unless preserved in MME and informed by the S1 paging message. Since paging is sent in all the cells of a TA, this causes larger overhead compared to Alt.2.
Alternative 2:  RRC connection setup (so called message 4 or 5)
The UE capability can be considered by having the UE report its capability in the so called message 3 (RRC connection request). The establishment cause can also be considered by having such information indicated in message 3. Although concerns have been raised on the size of message 3, the information on UE capability and establishment cause should not increase the message size considerably. The redirection can be to a specific cell or a frequency layer. However, indicating a specific cell is preferable to speed up the procedure.
Conclusion:  To speed up the redirection procedure, redirection to a specific cell should be possible with RRC connection setup (i.e., Alt.2).

2.3  Use of UE measurements
Whether to rely on UE measurements is another issue. Three alternatives can be considered:
Alternative 1:  The UE includes a measurement report in message 3 (RRC connection request), if so configured by the system information. Although this would be similar to UTRAN, this delays the connection setup, as the UE needs to perform relevant measurements before accessing by RACH.

Alternative 2:  The UE performs measurements upon request after RACH (i.e., the eNB commands measurements just after message 3). This delays the connection setup, although the eNB can narrow down which cells the UE must measure, considering the UE capability and establishment cause.

Alternative 3:  No measurement is performed (i.e., blind redirection). A fast transition is possible. However, the redirection might fail due to C/I difference, and hence, a quick reverting mechanism would be indispensable.
Redirection to another frequency layer of the same sector/band is anticipated as the most frequent case, especially under dominant/subordinate configuration [1]. If the redirection is limited within the same sector/band, it is likely that the UE succeeds in accessing the redirected cell without confirming the radio condition.

Conclusion:  Hence, alternative 3 should be supported to reduce the transition delay. Nevertheless, alternative 1 or 2 may be necessary in addition to support cases where measurements are necessary, e.g., to support redirection to another frequency band.
2.4  Resulting procedure

The discussions of 2.1 - 2.3 incarnates a fast redirection procedure as shown in Fig.1.
[image: image1.emf]eNB

UE

1. RACH (signature, CQI, cause)

2. RACH response

(signature, TA, C-RNTI, UL grant)

3. Conn. request

(TMSI, UE capability, establishment cause)

7. Conn. setup complete

MME/UPE

4. Conn. request

6. Conn. setup + redirection

(C-RNTI, TMSI, redirected cell info,

new C-RNTI, UL grant)

5. eNB decides to redirect

8. NAS procedure

Redirected cell Camped cell

eNB

UE

1. RACH (signature, CQI, cause)

2. RACH response

(signature, TA, C-RNTI, UL grant)

3. Conn. request

(TMSI, UE capability, establishment cause)

7. Conn. setup complete

MME/UPE

4. Conn. request

6. Conn. setup + redirection

(C-RNTI, TMSI, redirected cell info,

new C-RNTI, UL grant)

5. eNB decides to redirect

8. NAS procedure

Redirected cell Camped cell


Fig.1.  Proposed fast redirection procedure.
1 The UE sends non-sync RACH.

2 In the RACH response, Timing Advance, C-RNTI, and UL grant for sending (3) is sent.

3 The UE sends the RRC connection request using the allocated UL resources. The UE capability (e.g., band, BW, ...) and establishment cause is included in the connection request.

4 The eNB sends connection request to the MME/UPE.

5 Considering the UE capability, establishment cause, and the current traffic load, the eNB decides to redirect the UE to another cell that is overlaid.

6 The eNB sends the RRC connection setup indicating the redirected cell information (e.g., the frequency code number, and if necessary, the frame/symbol timings and cell specific code). Also included are the new C-RNTI to be used in the redirected cell, and the UL grant for sending (7). The UL grant shall take into account the maximum number of HARQ retransmissions for (6), if HARQ is to be applied.
7 The UE sends RRC connection setup complete message in the redirected cell, using the UL grant allocated in (6).

8 The subsequent NAS procedures are carried out as required. The initial DL NAS message shall wait until the target cell receives the RRC connection setup complete.
Proposal:

· A UE can be redirected to a specific cell (at least of the same eNB and band) by RRC connection setup.
· A procedure in which the UE does not have to perform measurements (blind redirection) should be supported.

· The synchronous procedure in the redirected cell should be possible. The necessary configuration and UL grant for accessing the redirected cell shall be given in advance from the original cell.
2.5  Reverting mechanism

Although the “blind” procedure of Fig.1 enables quick redirection, the UE may occasionally fail in accessing the redirected cell. A quick reverting mechanism should be supported to cope with such failures. Figure 2 shows a possible reverting procedure.
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Fig.2.  Proposed fast reverting procedure.
1-6   The same as Fig.1.

7 The UE sends the RRC connection setup complete message in the redirected cell, using the UL grant allocated in (6). However, the message fails after HARQ retransmissions.

8 The UE reverts to the original cell, and sends a scheduling request for sending (10).

9 The UL grant for (10) is given.

10 The UE sends the RRC connection setup complete message in the original cell, with an indication of revert.
Alternatively, the UL grant for (10) can be given in (6), so that (8) and (9) can be skipped. This UL grant should be withdrawn (and the resources be reallocated to another UE), if (7) is correctly received by the eNB, hence wasting no resources. Note that the UL grant must account for the maximum number of HARQ retransmissions for both (6) and (7). The initial DL NAS message shall wait the reception of the RRC connection setup complete in the original cell in this case.
Proposal:  In the synchronous redirection procedure, the UE should revert to the original cell immediately if access to the redirected cell fails after the maximum number of HARQ retransmissions. The UL grant for accessing the original cell in case of redirection failure, can be given from the original cell preceding the redirection in the RRC connection setup (FFS).
3.  Conclusions

Redirection upon RRC establishment was discussed. We propose the following:
· A UE can be redirected to a specific cell (at least of the same eNB and band) by RRC connection setup.
· A redirection procedure in which the UE does not have to perform measurements (blind redirection) should be supported.

· The synchronous redirection procedure should be supported, in which the necessary configuration and UL grant for accessing the redirected cell are given in advance from the original cell.
· In the synchronous redirection procedure, the UE should revert to the original cell immediately if access to the redirected cell fails after the maximum number of HARQ retransmissions. The UL grant for accessing the original cell in case of redirection failure, can be given from the original cell preceding the redirection in the RRC connection setup (FFS).
We propose to capture the agreeable parts into TS 36.300.
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