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1 Introduction
The MICH is a channel that UTRAN uses to cause UEs to read the MCCH.

Although the MICH shares some similarities to the PICH, it has some characteristics that diverge from those of the PICH. For example, there is no concept of a paging occasion with the MICH and the time period over which a notification indicator is set on the MICH can generally be assumed to be greater than the time period for which a paging indicator is set on the PICH.

This document introduces the required MICH functionality for HCR-TDD and provides some draft CRs for the introduction of MICH in the 25.22x specifications. 

This document is an update of [4]. This document includes MICH functionality for LCR-TDD and corrects an error in the mapping between the NI from higher layers and the notification indicator signaled over the air.
2 MBMS Paging Aspects

2.1 Overview of PICH / PCH Paging

In HCR-TDD, the paging function is implemented through the PICH and PCH channels. The PICH channel carries a set of paging indicators. When a paging indicator is set, it indicates to the UE that it should read the PCH channel associated with the PICH. The PCH carries a Paging type 1 message that indicates whether there was a page for that particular UE by way of the UE identity (U-RNTI / P-TMSI / IMSI / …) transmitted in that message. When a UE finds a match between its own UE identity and the UE identity in the Paging Type 1 message, it responds to the page via RRC procedures as specified in [1].

The PICH and PCH are related via a paging block consisting of a PICH block and a PCH block. The PICH block and PCH block are separated by a gap. The structure of the paging block is thus as shown in Figure 1. For the purposes of this document, it should be noted that the PICH block spans multiple frames (NPICH = 4 frames are shown in the figure, but the exact number is configurable). The PICH block carries the paging indicators for groups of UEs. Discussion of the PCH is beyond the scope of this document.

[image: image1]
Figure 1 - Example structure of paging block

The UE reads the paging block at paging occasions. The paging occasions are functions of (amongst other parameters) a DRX cycle coefficient. Due to the paging occasions, the UE does not need to read each paging block (it must only read the appropriate paging block according to its paging occasion).
The position of the paging indicator for a particular group of UEs within the PICH block is related to the paging indicator PI and is specified in 25.221 [2]. The UE is thus able to work out the frame within a PICH block that it should monitor in order to receive paging indications: the UE does not need to read each frame within the PICH block.
2.2 Operation of MICH Notification

In MBMS, UEs may be notified that the MCCH should be read via the use of notification indicators transmitted on the MICH. Identities of multiple services may be mapped to a single MBMS notification indicator (as is the case for PICH where multiple UE identities may be mapped to the same paging indicator).
The information on the MCCH may change during a “modification period” (the timing of the modification period is known to the UE). If UTRAN requires UEs to read the MCCH in a modification period, this will be indicated by setting the MBMS notification indicator on the MICH in the previous modification period. The MICH and the MCCH may be repeated within the modification period. It is assumed that the MBMS modification period will be greater than the UE DRX cycle.

Example operation of MICH notification is illustrated in Figure 2. This figure shows that in modification period 3, UTRAN requires UEs subscribed (and joined) to some MBMS services to read MCCH. Hence, UTRAN sets (shown in green) the MBMS notification indicator that relates to that service in modification period 2. The UE reads the MICH according to its DRX cycle. In modification period 2, a UE identifies that the notification indicator for one of the MBMS services that it is subscribed to is set. As a consequence of the setting of the MBMS notification indicator in modification period 2, the UE decodes MCCH in modification period 3.
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Figure 2 - Operation of MICH notification
2.3 Requirements for MBMS Notification

In the MBMS stage 2 specification, it is stated that the UE shall be able to reliably detect MBMS notifications even if the UE only monitors the MICH during its Release 99 paging occasions. It is also stated that the MBMS modification period shall be long enough to allow the UE to reliably detect MBMS notification indicators if it monitors the MICH only during its Release 99 paging occasions. As a consequence of this, general UTRAN requirements and the operation of the Release 99 paging functionality, the following requirements for MICH operation may be derived:
· the UE must be able to reliably detect MBMS notifications on MICH regardless of its UE identity or paging occasion
· UE battery life should be maximized 

· UTRAN transmit power should be minimized

Note that in TDD, the consequences of a false alarm on MICH are confined to a small increase in UE power consumption. There is no data loss associated with a MICH false alarm in TDD (when MCCH is read unnecessarily) since even when MCCH is on the same timeslot as MTCH, multi-user detector operation allows a TDD UE to decode multiple physical channels in a timeslot. Hence, a TDD UE can simultaneously decode MCCH and MTCH leading to no data loss in the case of a false alarm on MICH.
3 TDD MICH Operation
In order to meet the requirements for MBMS notification for TDD, the following functionality is proposed:

· the MICH must transmit the same notification indicators in every frame that the MICH is active during a modification period (such that UEs are able to read MBMS notification indicators no matter what their paging occasions are and hence no matter which PICH frames the UEs receive)

· the UE shall combine the multiple MICH receptions within a modification period in order to minimise the probability of missing a set MICH notification indicators and to minimise the probability of false alarm on MICH (a false alarm on MICH will cause the UE to unnecessarily read the FACH carrying MCCH)

· UTRAN should set the number of MBMS notification indicators transmitted per frame, the modification period, the DRX cycle and the number of MBMS services mapped to a single notification indicator in order to minimise UTRAN transmit power and maximize UE battery life.

As an example, when there are many MBMS services that can potentially be provided by the network, UTRAN may achieve the requirements for MBMS notification for example by using a large number of notification indicators per MICH, a long modification period with a shorter DRX cycle. In this case, the bits on a single MICH reception are not in themselves reliable, but when combined ncomb times (where  ncomb is the modification period divided by the DRX cycle), the overall MICH reception is reliable (via the C/I gains achieved from soft decision decoding of the repeated MBMS notification indications). Note that reading the MICH multiple times during the modification period does not significantly increase UE battery power consumption when the MICH is on the same timeslot as the PICH (the UE MUD receiver will be “on” anyway during the PICH / MICH timeslot and so additional power consumption is only related to the fairly trivial additional processing steps required to decode the MICH).

The example above shows that UTRAN is able to control UTRAN transmit power and UE battery consumption by optimizing the various parameters discussed above. Note also that according to UE implementation, the UE could receive more MICH within the PICH block than required according to its DRX cycle in order to improve the reliability of its MICH reception (possibly at the expense of battery consumption). 
MICH operation for TDD is illustrated in Figure 3. In this example, many MBMS services are supported and hence the number of MBMS notification indicators supported per MICH is NPI = 60 (this corresponds to 4 times repetition coding of the MICH notification indicators). The DRX cycle length for the UE is 128. UE1 is configured such that its paging occasions for PICH occur in frame 128n + 1 (other UEs will be set up with paging occasions at frame 128n + 2, 128n + 65 etc.). The PICH block length in this example is 2. An identical MICH is transmitted in each of the frames within the PICH block and the MICH is transmitted in the same timeslot as the PICH. In this example, UE1 reads MICH 4 times during the modification period (according to its DRX cycle) and soft decision decodes the MICH across all these receptions. The effective repetition coding level for MICH reception is thus 16 (and note that time diversity is obtained by soft decision repetition decoding across multiple frames). Soft decision repetition decoding provides sufficient gain to decode MICH at the cell edge (compare to the performance of PICH which can be repetition coded up to 16 times). 
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Figure 3 - Example TDD Operation of MICH

4 TDD MICH Specification

The introduction of MICH has the following impact on RAN1 specifications (minor editorial type impacts are not discussed in this section):

25.221

section 5.3: A new section is required to introduce the MBMS indicator channel (in a similar way to the way that PICH is specified in 25.221). MICH shall be specified without a MICH block.

section 5.4: The transmit diversity schemes that are applicable to MICH shall be the same as those that are applicable to PICH (i.e. SCTD).

25.222

section 4.3: A new section is required to define the coding and bit scrambling functions on the MICH. These will be defined as per PICH.

25.224

section 4.2.3: A new section is required that defines the power that will be applied to MICH.

section 4.6: This section needs modifying to state that downlink transmit diversity for MICH is optional in UTRAN and mandatory at the UE.
The specification of MICH for LCR-TDD is aligned with the HCR-TDD specification.

Draft CRs to 25.221, 25.222 and 25.224 are attached to this document.
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