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Discussion and Decision
1. Introduction

In the Rel-13 Study Item for Small Data Transmission Enhancements [1] the following aspects should be considered:
· Signalling optimizations to support massive number of devices and/or optimize small packet transmission (for example control signaling overhead reduction) (RAN2, RAN1)
In the Rel-13 Study Item for Downlink Enhancements [2] the following aspects should be considered: 

· Improvements to signalling transmission, e.g. signalling optimization for RRC state transition, improvements to parameter update mechanism, etc.

In this contribution a method to minimise the RRC signalling, especially for small data transmissions considering the expected massive numbers of such devices and also considering mobility, is discussed.

2. Discussion
2.1
Background 
Devices in state URA_PCH have a connection to the Core Network, but they are known in the RNC only on URA (UTRAN Registration Area) level and not on cell level. The URA normally consists of a significant number of cells. The advantage of the URA state is that the UE does not have to perform a Cell Update every time it changes cell, which reduces the amount of signalling.
Devices in URA_PCH have to first perform a Cell Update procedure before sending any data. The procedure is used for acquiring cell specific identities, like C-RNTI, H-RNTI and E-RNTI, which are used for data transmission and reception. The Cell Update procedure consists of several RRC messages, normally Cell Update, Cell Update Confirm and UTRAN Mobility Information. This procedure introduces a considerable delay and for devices that only transmit a small amount of data a relatively large overhead.
In order to reduce the large overhead it would be beneficial to allow the UE to perform data transmissions when coming up from URA_PCH without first having to perform a Cell Update procedure. One proposal is that the UE would keep the CELL_FACH x-RNTI’s when transitioning to URA_PCH and use them for transmission if it remains in the same cell. There is however a number of drawbacks with this proposal.
Issues:
1. Limited gain

· No gain for UEs that have moved to another cell. Limited to stationary UEs only.

· No gain for UEs that have reselected to another cell during downswitch to URA_PCH.

· No gain for downlink traffic. URA-wide paging is still necessary.

2. Drawbacks

· The NW does not know if the UE is still in the same cell or not. NW needs to store the cell specific x-RNTI’s until the UE shows up in another cell or performs URA Update.

· Cells with high-mobility traffic may run out of x-RNTIs. An example is cells on a URA border along a highway. Each UE passing through needs to perform a URA update and is assigned x-RNTIs and keeps them even after having moved to another cell.
· For the UEs there are more paging disturbances when NW needs to do URA wide paging, as multiple UEs are assigned to a PICH group.
In RAN2#88 meeting it was agreed that any solution would take mobility into account and provide benefit even if the UE has moved to another cell. 
2.2
URA-wide UE identities
UEs can transmit messages in any cell without first performing a Cell Update procedure. It should be possible to have a similar approach also for data. The Cell Update procedure is used for assigning cell specific identities for efficient data transmission and reception. 
It is proposed that URA-wide identities are used instead. These URA-wide UE identities are unique within the whole URA. When coming up from URA_PCH they can be used directly for sending and receiving data in CELL_FACH. There need to be more URA-wide identities than cell specific identities as there are many more users in a URA than in a single cell.
It is assumed that Common E-DCH and HS in CELL_FACH are used as transport channels. This means that only URA-wide version of E-RNTI and H-RNTI are needed. 
In the current specifications, the E-RNTI and H-RNTI are used in CELL_FACH for the following purposes:

· E-DCH scheduling. The E-RNTI is signalled in the E-AGCH at the transmission of Absolute Grants.

· Collision resolution for common E-DCH acquisition. The E-RNTI is attached as a special header called the MAC-I header 0. The network indicates a successful acquisition to the UE by replying the E-RNTI in the Absolute Grant on the downlink.

· HS-DSCH scheduling. The H-RNTI is signalled in the HS-SCCH to indicate the internal recipient and other transmission parameters of a HS-DSCH transmission.
The URA-wide identities can be realized in different ways. 
Option 1

One solution could be to split the address space for E-RNTI and H-RNTI into two parts, one for URA-wide identities and one for cell specific identities. This method requires no change to the way the UE is addressed in the different transport and physical channels. The drawback of this proposal is the limited address space. The baseline E-RNTI and H-RNTI are 16-bit integers, allowing for 65536 different values each.
Example 1: Reserve 1000 values for each identity per cell. 

The number of remaining values is 65536 ‒ 1000 = 64536. These can be used for URA-wide identities, resulting in a maximum of 64 cells/URA.

Example 2: Reserve 5000 values for each identity per cell. 

The number of remaining values is 65536 ‒ 5000 = 60536. These can be used for URA-wide identities, resulting in a maximum of 12 cells/URA.

These examples show that there is either a limitation in the maximum number of subscribers in a cell or a limitation in the maximum number of cells in a URA. Unfortunately, the need of mobile networks has already exceeded those limits and massive deployment of small data devices will make the situation even worse.
Option 2

Another way is to use different and longer identities. As an example, a 32-bit U-RNTI can be used for the URA-wide RNTIs. This proposal is flexible, but the new identities can not easily fit into the existing signalling channels. It would be necessary to either:
· Define completely new channel structures, or

· Define new and/or additional way of signalling the new identities.

Both of these methods require a lot of updates to the specifications and increase the complexity. If possible, they should be avoided.

Option 3

A third option is to try to keep the existing structure of the signalling channels. The URA-wide identities are for limited use only. When there is a need, cell specific identities could be assigned for more efficient transmission and reception. Taking this into account, not all functionality of the existing signalling channels is needed. Bits from some existing, spare or unneeded fields could be borrowed for signalling of a bit longer identities. Below are some examples of fields that could be used in UL MAC-I header 0, E-AGCH and HS-SCCH.
For UEs in CELL_FACH state using Common E-DCH, a specific MAC-i header 0 is used for collision resolution. The MAC-i header 0 includes a hardcoded LCH-ID (which indicates that the E-RNTI is attached), the UE’s stored E-RNTI (16 bits), and 4 padding bits. A similar MAC-I header can be defined to carry a longer, extended E-RNTI. A particularly simple solution is to make use of the 4 padding bits to extend the E-RNTI to 20 bits. This would limit the impact in the MAC layer to the minimum as headers and current headers and procedures could be used with minimum changes.

The E-AGCH carries a 6-bit Absolute Grant that consists of a 5-bit Grant Value and a 1-bit Grant Scope, in addition to the E-RNTI. Most likely the full flexibility of the full grant table is not needed for the special case when URA-wide identities are used. Each common E-DCH is already allocated a default grant. For short transmissions, there is little need to change this grant. Generally, only two grants are absolutely necessary: one for acknowledging collision resolution and one for explicit release. Up to 5 bits could then be borrowed for signalling of an extended E-RNTI.
The HS-SCCH carries more fields: 

7 bit
Channelization code set into

1 bit
Modulation scheme info

6 bit
TBS info

3 bit
Hybrid-ARQ process info

3 bit
Redundancy and constellation version

1 bit
New data indicator

16 bit
UE Identity (H-RNTI)

The full flexibility is not needed here either. Some fields could be hard-coded and some could be reduced in size. For example, the Modulation scheme and the Redundancy and constellation version could be fixed or the number of channelization codes and TBS can be reduced.
The URA-wide identities can be split into one extension part and one legacy part:
uE-RNTI = xE-RNTI + E-RNTI
uH-RNTI = xH-RNTI + H-RNTI

where u stands for URA-wide version and x stands for the extension part. The extension part is limited to a few bits and is signalled using the borrowed bits. To minimize the impact of the borrowed bits, it is assumed that the legacy part is signalled in exactly the same way as before. CRC and masking of the UE identities are performed in exactly the same way as in the baseline with regards to the bit positions: 
· If a borrowed bit is used in the baseline for calculating the CRC, the same bit from the extension part is also used in the CRC calculation. 

· Only the legacy part of the full identity undergoes CRC masking.

Since the E-AGCH and HS-SCCH are common channels that are monitored by CELL_FACH users with cell specific identities and also by CELL_DCH users, the legacy part of a URA-wide identity cannot collide with a cell specific identity. The NW needs to reserve a pool of E-RNTI/H-RNTIs which are used for URA-wide identities and which cannot be used for cell specific identities. As the URA-wide identities are extended by a few bits the situation is much better than for option 1. For each cell specific identity that is taken, there are more URA-wide identities available. If the available 65 536 values are split half-half and with a 4-bit extension, there can be 32 768 subscribers/cell and 16 cells/URA. If the split is 3:1 there can be 16 384 subscribers/cell and 48 cells/URA.
The UE should only remember the latest received identity, i.e. either an E-RNTI or a uE-RNTI in order to avoid confusion of the identities.

This option reduces the latency by removing the need to assign cell specific identities and it reduces the overhead for transmitting small amount of data. It is a trade-off between complexity, flexibility, needs and performance. It is the preferred option.
Proposal 1: Introduce URA-wide UE identities for E-DCH transmission and HS reception in CELL_FACH.
Proposal 2: Minimize the impact of introducing URA-wide identities by reusing the same physical layer structure whenever possible, as described in option 3.
3. Conclusion

RAN2 is kindly requested to discuss and agree on the following proposal:
Proposal 1: Introduce URA-wide UE identities for E-DCH transmission and HS reception in CELL_FACH.
Proposal 2: Minimize the impact of introducing URA-wide identities by reusing the same physical layer structure whenever possible, as described in option 3.
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